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A comparison of drip cooling, zone cooling, and 
conventional vent ilat i on was performed on lactating · 
sw ine. Overall, the cooling systems did not significantly 
improve swine performance. The dr ip and zone systems 
highly sign i f icantly lowered sow resp irat i on rates by 4 0  
and 2 8  percent, respectively, when compared to the 
resp i rat i on rates of sows from a conventionally ventilated 
room. Older sows consumed ten percent more fe ed than 
younger sows. Older sows returned to estrus after weaning 
approximately two days sooner than younger sows. Based 
on swine performance of this two-year study, neither drip 
cooling or zone cooling systems should be installed in 
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INTRODUCTION 
E quipm e n t  and h o u sing u s ed f o r  l a c t a ting s win e mu s t  
be i mp r o v ed t o  p r o vide f o r  peak e f f i cienc y and a nima l 
c om f o r t  in s wine p ro du c tion . The f a r row- t o - fini s h  h o g  
produ c e r  f a r r ow s  c o n tinuou s l y  t o  maximize h o g  out pu t  and 
pro fi t s . A key to y e a r - a r o und h o g  p r oduc tion h a s  b e e n  t o  
k e ep t h e  e n v i r o nm e n t  a t  favorab l e l eve l s  f o r  t h e  s ow and 
pig l e t s , e s p e cia l l y  d u ring hot s umme r  c ondi tion s .  
Du ring s umme r  c onditi o n s  di f f e r e n t  t h e rma l 
environmen t s  a r e  n e eded f o r  the s ow and n ewbo r n  pig l e t s . 
E s may and Dix on ( 19 86) s ta t ed that t empe rature s s h o u l d  be 
25 to 35 C (77 t o  95 F )  t o  prov i de maximum p r o t e c t i on f o r  
young pig s f r om bir t h  t o  t h r e e  o r  f o u r  wee k s  o f  a g e , whi l e  
the l a r g e - b od i ed s ow s  a r e  mo s t  c o m f o r t ab l e  a t  muc h c o o l e r  
tempe ra t u r e s o f  16 
have the po t e n tia l 
tempe ra t u r e s whi l e  
t o  19 C (60.8 t o  66. 2 �) . Pig l e t s  
t o  pe r fo rm we l l  unde r warm s umme r 
t h e  s ows b e c ome h e a t  s t r e s s e d  a s  
ambie n t  t empe ra t u r e s .inc r e a s e . The h e a t  s t r e s s  p l ac e� on 
a s ow c a n  redu c e  f e e d  c on sumpt i on ,  inc r e a s e  s ow weigh t  
l o s s  dur i ng l ac t a t i on ,  i nc r e a s e  t h e  time r e qui r ed f o r  t h e  
s ow t o  r e t u r n  t o  e s t r u s  a f t e r  wean i n g , redu c e  s ow mi l k  
Y i e l d r e s u l t i ng i n  dec r ea s ed p i g l e t we i gh t  gain and 
s u rv i val , and i n c r e a s e  s ow r e s t l e s s n e s s  r e s u l t i n g i n  
g r eat e r  pig mo r ta l i t y . 
The r e  a r e  seve r a l  po s s i b i l i t i es whic h could 
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a l l e v i at e  s ow h e a t  s t re s s  i n  add i t i on t o  c on v e n t i ona l 
ve n t i l at i on prac t i c e s . A i r c o nd i t i on i ng t h e  e nt i re 
f a r r ow i ng r oom t o  l ow e r  t h e  amb i ent t empe r a t u r e  h a s  p r oven 
t o o  c o s t l y ,  and e l i m i na t e s  the warm env i r onme n t  for the 
p i g l e t . Evapo r a t i ve c o o l i ng o f  t h e  ve n t i l a t i on a i r  l owe r s  
amb i ent t empe r a t u r e  w i t h  t h e  addi t i on o f  wat e r  t o  i n l e t 
a i r . Evapo r a t i ve c o o l i ng may n o t  wo r k  we l l  i n  S outh 
Dak o t a  due t o  h i g h  s umme r  hum i d i t i e s wh i ch c an c au s e  
mo i s tu r e  p r o b l e m s  i n  t h e  barn . Zon e  c o o l i ng ( i . e. s n ou t  
c oo l i ng ) d i rec t s  a c o o l  s t r e am o f  a i r  a t  t h e  he ad a r e a  o f  
the s ow . I n  h o t  weathe r ,  a h og 
p e r c e n t  o f  i t s  h e a t  t h r ough 
r e s p i ra t o r y  t r ac t , so i t  h e l ps 
a round the an i ma l ' s h ead ( MWPS , 
l o s e s  s i x ty t o  s ev e n t y  
evapo r a t i on f rom the 
to z on e  c o o l  t h e  area 
1 9 8 3 b . ) .  Zone c o o l i ng 
does not l ow e r  t h e  o v e ra l l  room temp e r a t u r e  s o  a warme r 
p i g l e t env i r o nm e n t  may be ma i n ta i ned a s  l ong �s dra f t s  a re 
p r ev e n t ed f r om p i g l e t a r e a s .  D r i p  c o o l i n g . p l ac e s  d r op l e t s  
o f  wa t e r  d i r ec t l y  on t h e  s ow , s o  that t h e  e vapo r a t i on o f  
mo i s tu r e  c a n  d i s s i pa t e  h e a t  f r om th e an i ma l . A p r ope r l y  
cont r o l l ed d r i p  un i t  w i l l  k e e p exc e s s  mo i s ture o f f  t h e  
f l o o r  a r e a  wh i l e ma i n ta i n i n g  r o o m  t empe ratu r e s  t h a t  a r e  
s u i tab l e  f o r  t h e p i g l e t s . 
The e f f o r t s  o f  p r e v i ous r e s e a r c h  a t  S o u t h  Dak o t a  
S t a t e U n i ve r s i t y we re d i r e c ted a t  i nve s t i g a t i ng the 
effec t s  of s n ou t ve n t i l a t i on ( u s i ng o u t side unco oled air ) 
and s n out co o l i ng ( u s i n g r e f rig e ra t ed air ) on the 
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pe r f o rmanc e o f  s ow s  and l i t t e r s. S nout c oo l i ng r e s u l ted 
in i nc r e a s ed s ow f e ed c o n s umpt i on by f i v e p e r c e n t  and 
i nc r e a s ed o v e r a l l  p i g l e t  we i gh t  ga i n  dur i ng l ac ta t i on by 
f i ve pe r c e n t  w i th g r ea t e r  bene f i t s  o c c u r r i ng du r i ng 
pe r i ods o f  h i gh e r  r oom tempe rature s .  H owe v e r, t h e  s no u t  
c o o l i ng p r oduc e d  d r a f t s  o n  p i g l e t s  wh i ch m a y  h a v e  r educ e d  
ga i n  o f  p i g l e t s  t o  s ev e n  days o f  age. Re s p i ra t i o n  r a t e s  
o f  t h e  s ows we r e  h i gh l y  s i gn i f i c an t l y  l owe r e d  b y  s n out 
c oo l i ng and s i gn i f i cant l y  l owe r e d  by s n o u t  v en t i l a t i on 
( He a rd , 1 9 8 5 ) . 
F o r  t h e  p r e s en t  r e s earch , a c ompa r i s on h a s  b e e n  made 
be twe en d r i p  c oo l i ng , snout c o o l i ng , and c on v en t i on a l  
vent i l at i on und e r S outh Dak o ta s umme r c l i ma t i c  
c o nd i t i on s . T h e  o b je c t i ve s  were : 
1 .  Ana l yz e  t h e  t h e rma l r e l a t i on s  and an i ma l  e f f ect s  
f o r  s n o u t  and d r i p  c oo l i ng dur i n g  s umme r  c o nd i t i on s  fo r 
sows and l i t t e r s . 
2 .  Eva l u a t e  t h e  c o o l i ng 
advan t age s and d i sadvan tag e s  
s y s tems by p r e s en t i ng 
ba s ed on i n s ta l l a t i on, 
ope rat i on ,  and s w i n e  p r oduc t i v i ty . 
REVIHW OF LITERATURE 
An i ma l  Zone s o f  Com f o r t : 
H e a t  s t r e s s  h a s  t h e  po ten t i a l  t o  d e c r e a s e  s ow and 
l i t t er perf o rmanc e d u r ing s ummer 
can v a r y  w i t h  e n v i ro nm e n t a l  
ven t i l a t i on ra te s , 
l ac ta t i on . H e a t  s tre s s  
t empe r at u r e , h um i d i t y , 
and c onduc t i ve h e a t  rad i a t i on , 
movemen t .  E f fe c t s  o f  h e a t  s t re s s  wh i c h  c o u l d  o c c u r  a r e : 
r educ ed s ow f e e d  con sumpt i on ,  i nc r e a s e d  s ow we i gh t  l o � s  
dur i ng l ac ta t i on ,  i ncre a s e d  t i me requ i re d  f o r  t h e  s ow t o  
r e t u r n  t o  e s t ru s  a f t er we aning ,- r educ e d  s ow m i l k  y i e l d  
r e s u l ting i n  d e crea s ed p i g l e t  we i gh t  ga i n  and 
s u r v i vab i l it y , and i ncre a s ed s ow r e s t l e s s n e s s  r e s u l t i ng in 
g r e a ter p i g l e t  m o r ta l i t y ( H eard , et a l . ,  1 9 8 6 ) . 
S ows are a f f e c t ed by h e at s tre s s  dur i ng t h e  s umme r  
be cause t h e  s ow d o e s n o t  sweat l i k e  a h uman t o  d i s s i pa t e  
h e a t . Human s h ave eccri n e  g l ands on s k i n  s urfac e s  wh i c h  
a l l ow sweat i ng , p i g s  onl y have eccr i ne g l ands o n  s n o u t  and 
l i ps , wh i l e  mo s t  of a p i g's s k i n  c on t a i n s  aproc i ne glands 
which do not pe rm i t  swea t i ng · ( Montagnu , 1 9 6 6 ) • 
Evapo r a tion f r om t h e  body s u rfac e of anima l s  o c c u r s  m o r e  
by d i f fu s i on t h r o u g h  t h e  ou t e r  sk i n  l �ye r s  t h a n  by 
e vapo ra t i on f r om the s kin s urface ( Esmay and D i x on ,  1 9 8 6) . 
Sows , i n  a f arr ow i ng s i tua tion , can be u n c o m f o r t able 
becau s e  t h e i r  t h e rmoneu t ra l  z one i s  a t  temperatures below 
19 C ( 6 6 . 2  F )  ( E s ma y  and Dix on , 1986). The piglet, on 
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t h e  o t h e r  h and , do e s  n o t  n e ed t o  sweat becau s e t h e y  t end 
to pe r f orm be s t  at e n v i r o nment t empe ratu r e s  5 to 1 0  C (9 
t o  1 8  F )  h i g h e r  t h an the opt i ma l  s ow t em p e r a t ur e . 
Ac c o rd i ng t o  r e s ea rc h  by Bond , e t  a l . ( 1 9 5 2 ) , a t  2 6 . 7  C 
( 8 0 F )  t h e  p i g l et s  s e emed t o  be comfortab l e ,  a t  2 1 . 1  C ( 7 0 
F )  t h e y  s h i ve r ed whe n  s tand i ng by t h em s e l v e s , and a t  1 5 . 6  
C ( 6 0 F )  t h e y  n ev er s e emed t o  be wa rm e n o u g h . A n e wbo rn 
pig ( wh e n  i n t r oduc e d  t o  a new env i r onmen t  o u t s i de the 
s ow ) has i t's s ou r c e  o f  energy dras t i ca l l y  chan g e d . 
E x c e s s i ve h e at l o s s  due t o  a c o l d  e n v i ronmen t  c a n  change 
the home o s t a s i s  and c au s e  p o o r  growth o r  death ( Bu t ch bak e r  
a n d  S h ank l i n , 1 9 64 ) . T h e  p i g l e t  t h u s  r e qu i re s  a wa rm 
env i ronme n t  and t h e  s o w  a much c oo l e r  one . 
C l o s e  ( 1 9 8 1 ) s ta t ed t h a t  i t  i s  nec e s s a r y  t o  m a i n ta i n  
opt imum c l i ma t i c  c ond i t i ons c o n s i s t e n t  w i t h t h e  
r e qu i r emen t s  o f  t h e  a n i ma l  t o  ma i n ta i n  opt i mum p r oduc t i on .  
Th e the rmon e u t r a l  z o n e  f o r  t h e  p i g l e t s , r i gh t  a f t e r  b i r t h , 
i s  d i f f e r e n t  than t h e  zone f o r  the s ows . Th e p i g l e t s  
r e qu i re a much wa rme r env i ronment t h an t h e  s ow s . . T h e  
th e rmoneu t ra l  zone b e i ng de f i n ed a s  t h e  zone o f  be s t  
produc t i v i t y i n  wh i c h h e a t  produc t i on i s  i ndepende n t  o f  
t empe r a t u r e  ( B ruc e , 1 9 8 1 ) .  E i ch h o r n  and Lo r e nz ( 1 9 8 1 ) 
( fr om E s may and D ixon ( 1 9 8 6 ) )  i l l u s t ra t e  t h e  o p t i mum 
env i r onmen t s  for t h e  s ows and p i g l e t s  ( N o t e : Th e r e  is no 
ove r l a p o f  i d e a l  t e mpe r a t u r e  rang e s  ove r t h e  first 
w e eks a f t e r  p i gl e t  b i r t h ) ( F i g ure 1). 
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Figure 1 .  Optimum temperature range for young pigs and 
sows. (Eichhorn and Lorenz, 1978). 
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The t h e rm o n e u t r a l  z one range s be t we e n  two 
t empe ratu r e s c a lled t h e  l ower c r i t i c a l  t empe ra t u r e  
and uppe r c r i t i cal t empe r a t u r e , r e s pe c t i ve l y .  L ow e r  
c r i t i c a l  tempe r a t u r e  b e i ng t h e  l owe s t  amb i en t  tempe r a t u r e  
at wh i ch t h e  re s t i ng me t abo l i c rate rema i n s  m i n i ma l . 
Uppe r c r i t i ca l  t empe r a t u r e  a s  d e f i ned by I ngram ( 1 9 7 4 )  i s  
t h e  amb i e n t  tempe r a t u r e  above wh i c h t h e  p i g  i nc r e a s e s  
evapo rat i v e h e a t  lo s s  t o  d i s s i pa t e  exc e s s  h e a t . T h e s e  
t empe ra t u r e s  a r e  c o n t r ol l e d  b y  fac t o r s  s uc h  a s  r a d i a n t  
t empe ratu r e , fe e d i ng l eve l , we i gh t , f l o o r i ng t yp e , a i r  
ve l oc i t y ,  and mo i s tu r e  c ond i t i on s  ( B ruce , 1 9 8 1 ; C l o s e , 
1 9 8 1 ; I ngram , 1 9 7 4 ) . 
Env i ronmenta l C on t r o l  A l t e rna t i v e s : 
The t h e rmoneu t ral z o n e s  f o r  t h e  s ow and p i g l e t  a r e  
d i f f e r e n t , t h u s  s epa r a t e  env i r o nments a r e  r e qu i r e d  ( B r u c e , 
1 9 8 1 ; Karhnak and A l dr i ch , 1 9 7 1 ; Bu tc hbak e r  and S h a nk l i n , 
1 9 6 4 ; Bond e t  a l . ,  1 9 5 2 ) . M e t h ods to a l  t.e r  e nv i r on m e n t s  
for de s i red c o o l i ng e f f ec t s  dur i ng h o t  s umme r  c ond i t i on s  
f o r  s ows i nc l ude : v e n t i l a t i on , e vapora t i ve c o o l i ng , z o n e  
c oo l i ng ,  and dr i p  c o o l i ng .  P i g l e t  env i ronmen t s  c an be 
a l t e red by h e a t  l amps , h o v e r s , and heat i n g pads. 
V e n t i l at i on as d e f i n e d  by ASAE ( 1 9 8 4 ) i s  a s y s t em o f  
a i r  exchange wh i c h  a cc omp l i s h e s  one o r  mo r e  o f  t h e  
fo l l ow i ng :  1 )  p r ov i de a de s i red amoun t o f  f r e sh air, 
w i th o u t  d r a f t s  t o  a l l pa r t s  o f  t h e  s h e l t e r , 2) maintain 
th e de s i r ed temp e r a t u r e  l i m i t s  in the shelte r, an
d 3.) 
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ma i n ta i n  t h e  de s i r e d  r e l at i ve h um i d i t y  l i m i t s  i n  t h e  
s h e l te r . Vent i l a t i on c an be quite c omp l ex becau s e  o f  t h e  
i n t e ra c t i v e  i n f l u e n c e s  i t  h a s  on d i s ea s e , n u t r i t i on ,  
n oxi o u s  g as e s , du s t , s pac e and o t h e r  fac t o r s , a s  wel l a s  
o n  t h e  t h e rma l env i r o nm en t . The s e  fac t o r s  s i ng u l a r l y  o r  
s yn e r g i s t i c al l y  a r e  l i k ely t o  a f f e c t  g r owth , p roduc t i on , 
r eproduc t i o n , beh av i o r , and u l t i ma t e l y , t h e  pr o f i t o f  t h e  
l i ve s t o c k  e n t e rpr i s e ( S c o t t , 1 9 8 4 ) . 
E f fe c t i ve v e n t i la ti n g  s ys t ems au t oma t i c al l y  move t h e  
r e qu i red amount o f  a i r  t h r o ug h  t h e  bu i ld i ng t o  c on t r o l  
temp e r a t u r e , 
a i r  wi t h o u t  
mo i s t u r e , o d o r , and d i s t r i bu t e  and m i x  th e 
d r a f t s  MWPS ( 1 9 8 3 a ) . Th e r e  a r e  f o u r  
vent i l a t i on s ys t e ms u s ed f o r  l i v e s t o c k  bu i l d i ng s . Na t u r a l  
vent i l a t i on al l ows a i r  exc h an g e s  i n  t h e  bu i l d i ng due t o  
w i nd and / o r buo yan t f o rc e s  p u s h i n g. t h e  a i r  o u t  a ridg e 
v e n t  i n  t h e  r oo f . P o s i t i v e pre s s u r e  s ys t e ms f o rc e  a i r  
i n t o  t h e  bu i l d i ng , t h e n  a i r  lea v e s  through c a r e f u l l y  
p l ac ed · ou t l e t s . N e u t r al pr e s s u r e  s y s t ems have fan s wh i c h  
f o r c e  a i r  i n  i n l e t s  and pull a i r  · o u t  out l e t s . N e g a-t i v e 
pre s s u r e  s ys tems , wh i c h a r e  mo s t  c ommon l y  us ed , h a ve f ans 
wh i ch d raw a i r  o u t  c r e a t i n g a n e g a t i ve r o o m  pre s s u r e . MWPS 
( 1 9 8 3 b )  r e commends a i r exch a n g e  r a t e s  of 2 . 3  m3 / m i n  ( 8 0 
c fm )  f o r  each sow l i t t e r  un i t  i n  m i l d  amb i en t  c ond i t i o n s  
and 1 4 . 2  m3/m i n  ( 5 0 0  c fm ) f o r  each s ow-l i t t e r  un i t  .i n  hot 
wea t h e r  c ond i t i o n s . H o t  we a t h e r r a t e s  are higher due to 
an i n c r e a s e i n  c onve c t i v e and evaporative heat loss�s from 
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t h e  ani ma l s , t h u s  h e l p i ng t o  a l l e v i a t e  h e a t  s t re s s  (B ond , 
1 9 6 5 ) . T h e  b r e e z e  o n  t h e  s ow h elps t o  d i s s i pa t e  h e a t , but 
h i gh e r  r a t e s  o f  v e n t i l a t i o n c o uld cause dra f t s  on t h e  
p i g l e t s a n d  c h i l l  t h em du e t o  i mp r o p e rly d i s t r i bu t ed a i r . 
C u r t i s  ( 1 9 7 0 ) e s t i ma t ed t h a t  i n  the Uni t ed S t a t e s , 
approx i ma t e l y  2 5  pe r c en t  o f  p i gle t s  born al i ve d i e  b e f o r e  
wean i n g . M o s t  o f  the s e  l o s s e s  t a k e  p l a c e  dur ing t h e  f i r s t  
th rP.e day s  a f t e r b i r t h , and a r e  due t o  d i r e c t e f fe c t s  o f  
be i ng c o l d . 
Evapo ra t i ve c ool i ng u s e s  h e a t  f r om t h e  a i r  t o  
vapo r i z e wat e r , wh i ch i nc r eas e s  r e l a t i ve h um i d i t y  bu t 
lowe r s  t h e  a i r t empe ra t u r e  MWPS ( 1 9 8 3 b ) . Mc Ne i l , e t  a l . 
( 1 9 8 3 ) f o und t h a t  an evaporat i ve pad s ys tem was e f fe c t i v e 
i n  reduc i n g  ven t i la t i on a i r  t empe rature i n  a s w i n e 
g e s tat i on bu i l d ing . An average d i f fe r e nc e  o f  9 . 4  C ( 4 8 . 9  
F) wa s no t e d  be twee n  ou t s i de a i r  c ond i t i ons and a i r  
tempe r a t u r e  l eav i ng. t h e  pad . Pad area wa s 6 . 7 m2 ( 7 2 . 3 
f t2 ) w i t h a wa t e r  f l ow o f  2 8 . 4  L /m i n  ( 7 . 5  gpm ) and a i r f l ow 
r a t e  o f  3 . 6  m 3 / m i n  pe r s o w  ( 1 3 5 . 7  c fm pe r s ow ) . A f o g g e r  
s ys t em wh i ch s pr a y s  wa t e r  in m i s t  f o rm was r e s e ar c h  i n  a. 
g e s tat i on fac i l i t y ( D r i g g e r s, 1 9 8 0 ) . S ow and boa r 
f e r t i l i t y  we r e  i mp r o ve d  due t o  a r e duc t i on o f  he a t  s t r e s s . 
The s ys tem ope r a t e d  a t  7 . 6  L / h  o f  wa t e r  ( 2 .0 gph ) a t  2 7 5 . 8 
kPa (4 0 ps i ) .  
Evapo r a t i on h a s  b e en s h own t o  be a major ave nue of 
h ea t l o s s
-
f r om swine at h i gh te mpe rature s. Proble ms_ could 
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a r i s e  f r om evapora t i ve c o o l e r s  i n  h i gh h um i d i t y  a r e a s . 
A i r n e a r  s a tu ra t i on w o u l d  n o t  read i l y  e vapo r a t e  wa t e r  o f f  
the an i ma l  t h u s  i nc r eas i ng h e a t  s t r e s s . H i gh mo i s tu r e  
c on t e n t  w i l l  i nd i r e c tly a f fe c t  t h e  pe r f o rman c e  o f  a n i mals 
by a f f ec t i ng a i r  qu a l i t y t h r o u g h  du s t  c o n c e n t rat i on s  and 
patho g e n s  ( Sc o t t  et a l . ,  1 9 8 3 ) . H i gh h um i d i t y env i r o nme n t s  
a r e  als o  d e t r i me n t a l  t o  bu i l d i ng mat e r i a l s  and e qu i pm e n t 
li fe ( Ha z en and Mang o l d , 1 9 6 0 ) . 
Zon e  c oo l i ng o f  s w i n e  i nvolve s r e s t r a i n ed a n i mals . 
I n  h o t  wea the r ,  a h o g  lo s es 6 0  t o  7 0  pe r c e n t  o f  i t' s  h e a t  
through e va po ra t i on f r om t h e  r e s p i r a t o r y  trac t and 
convec t i on f r om the s k i n  s u r fac e MWPS ( 1 9 8 3 a ) . Unc o o l ed , 
evapo r a t i v e  c oo l ed , o r  c o nd i t i o ned a i r  may be d i r e c t e d  
towa rds t h e  h e ad a r e a  o f  t h e  s ow f o r  r e s p i rat i on , t h u s  
dec r e a s i ng h e at s t r e s s . MWPS ( 1 9 8 3 b ) r e c omm e nds 2 . 0 , 1 . 1 ,  
and 1 . 0 m3 /m i n  (7 0 , 4 0 , 3 5 c fm ) f o r  unc o o l e d , .evapo ra t i ve 
c o oled , and c on d i t i o n e d  a i r i n  a f a r r ow i n g  s i tua t i on .  
C a r e  mu � t  be t a k e n  t o  avo i d  ch i ll i ng dra f t s  o n  the p i gl e t . 
M e rk e l  ( 1 9 67 )  f ound z o n e  cool i ng r e du c ed s ow weig h t  
lo s s  du r i ng l a c t a t i on , i nc r e a s ed s ow f e ed c on s umpt i on ,  
i n c re a s ed l i t t e r  weig h t  g ain , and ove r al l , allowe d  t h e  
c o oled s ows to b e  m o r e  c om f o r t able . T e s t c o nd i t i on s  w e r e  
3 2 . 2  C (9 0 F )  f o r  amb i en t  a i r t empe r a t u r e  and c o o l ed a i r  
wa s del i ve red b y  fan s rated a t  2 .  3 m3 /m i n  ( 8 0  c fm )  i n  
f r e e  flow f o r  e a c h  s o w , wh ile cooled a i r  t empe r a t u r e  w a s  
appr ox i ma t ely 1 8 . 3  C ( 65 F). Gannon ( 19 7 1 )  c o nduc t e d 
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r e s earch i n  a f r e e  s t a l l s i t ua t i on u s i ng a h e a t  pump t o  
c ool a i r .  S ow r e sp i r a t i on r a t e s  w e r e  s ign i f i ca n t l y  l owe r 
w i th i nc r e a s ed a i r f l ow .  Lynch ( 1 9 7 9 ) ( fr om : H e ard, 1 9 8 5 ) 
s h owed z on e  c o o l i ng t o  have no s i gn i f i can t e f f e c t  o n  s ow 
and l i t t e r  pe r f o rm a nc e . Th i s  c o u l d  be due t o  t h e  fac t  
t h a t  t e s t s  w e r e  c on d u c t ed i n  m i l d  amb i e n t  t empe r a t u r e s  o f  
2 4  t o  2 8  C ( 7 5  t o  8 2  F ) . H e a rd , e t  a l . ( 1 9 8 6 ) r e p o r t e d  
i nc r eased s ow f e ed c o n s umpt i on by f i ve pe r c e n t , i nc r eas e d  
p i g l e t  ave r age da i l y  we i gh t  ga i n  du r i ng l ac ta t i on by f i ve 
perc ent, and r ed u c ed r e s p i rat i on r a t e s  due t o  s n o u t  
c o o l i ng . T h e  s n o u t  c oo l i ng s ys t em s uppl i ed a mean c o o l i ng 
e f f e c t  o f  5 8 5  W ( 1 , 9 9 6  B tu / h ) pe r c r a t e  a t  a n  a i r f l ow r a t e  
o f  1 . 0 2 m3 / m i n ( 3 5 c fm )  pe r c ra t e . 
D r i p  o r  s pr i nk l e  c oo l i ng we t s  t h e  an i ma l ' s s k i n, and 
as the mo i s t u r e  e vapo r a t e s  t h e  s k in b e c o m e s  c o o l . D r i p  
o r  s pr i nk l e  s ys t em s  c o o l  t h e  an i ma l  d i r ec t l y, wh i l e 
e vapo r at i v e  c o o l i ng r educ e s  t h e  a i r  tempe ra t u r e  MWPS 
( 1 9 8 3 a ) . Ha z e n a n d  Mango l d  ( 1 9 6 0 ) s ta t e  s pr a y s  s ho u l d  
o n l y  b e  u s ed wh e n  t empe r a t u r e s  a r e  2 6 . 7  C ( 8 0  F ) . o r  
h igh e r, becau s e  w h e n  s prays a r e  u s e d  
t empe rature s ,  c h i l l i n g o f  h o g s  can o c c u r . 
Giv e ns , e t  a l . ( 1 9 7 4) found p igs,  
i n  c o o l e r. 
wh i ch we r e  
s pr i nk l ed w i t h  wa t e r  a t  t h e  r a t e  o f  0.4 L / h  ( 0 . 1 gph ) p e r  
p i g, had an i nc r e a s e i n  t h e  r a t e  o f  ga i n  a n d  appa r e n t f e ed 
c on ve r s i on e f f i c i e n c y, wh e n  t h e  s ys t em oper a ted above 21.1 
C ( 7 0  F). Nichols, e t  al. (198 2) conducted spray cooling 
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t e s t s on f i n i s h i n g  p i g s  and repo r t ed t h a t  t h e  g r e a t e s t  
bene f i t  o f  the s pr a y  c o o l i ng wa s i nc re a s e d  f e e d  i n ta k e . 
T h e  above s t ud i e s we r e  pe r f o rmed w i th s pray c oo l i n g , 
wh i c h we t s  t h e  p i g  alon g  wi th the flo o r i ng e t c . , and 
e vapo r a t i on f r om the p i g ' s s k i n  c o ols the an i m a l . I n  a 
f a r r ow i ng s i tuat i on , t h e  env i ronm ent f o r  t h e  p i g l e t n e ed s  
t o  be warm a n d  d r y . On e r e as on dr i p  c oo l i n g wa s 
i n t rodu c e d  t o  c ool t h e  s ows wa s t o  k e e p  t h e  p i g l e t s  d r y . 
Dr i p  c o ol i n g  p l a c e s  wat e r  o n  t h e  s ow ju s t  u nt i l t h e  
s k i n  s u r f ac e  i s  w e t . T h e  wat e r  i s  s topped w i t h  a t i m e r 
and s ole n o i d  va l ve t o  a l l ow t h e  mo i s tu r e  t o  e vapo r a t e  o f f . 
Wh en t h e  dr i p  s y s t em i s  p r ope r l y  adj u s ted , t h e  s ow w il l  be 
c o oled and the p i gle t w i ll r ema i n  dry . 
Murph y , e t  al . ( 1 9 8 3 ) found that i n t e rm i t t e n t  
dr i pp i ng o f  wa t e r  o n  t h e  s ow's n e c k  a n d  s h ould e r a r e a  
p r ov i de s  ade qua t e  evapo r a t i ve c o ol i ng t o  s i gn i f i ca n t l y  
r educ e h e a t  s t r e s s . T h e  d r i pp e r s  ope rated at 3 L ( 0 . 8  g al ) 
p e r  h o u r  p e r  s ow . D r i pp i ng s t a r t ed at 2 8  C ( 8 2 . 4  F )  w i t h  
vent i lat i on s e t  a t  
c fm )  per f a r r o w i n g  
� c on t i nuous �a te 
s t all . W e t t e d  
o f  1 .  4 m 3  / m i n · ( 5 0 
s ows h ad lowe r · 
re s piratio n  rate s ,  l i tter wean we i g hts we re g r e a t e r  f r om 
we t t ed s ows , we t t e d  s ows lo s s  le s s  
lac tat i on, and da i l y  f e e d  i n t ake 
i nc r ea s ed . 
H e a t  and Mo i s t u re Balanc e s: 
we i ght d u r i n g  
of we t t e d  s ows 
The pro c e s s  of vent i lation is  basical l y  o n e  of 
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e n e r g y  and ma s s  ba l an c i n g . T h e  eng i nee r i ng appr o ac h  i s  t o  
c on s i de r  t h e  t h e rmal e nv i r onmen t  a s  a c o n t r ol volume a n d  
t o  analyz e  the v a r i ou s  flux e s  a c r o s s  t h e  boundar i e s o f  t h e  
s pac e ( Sc o t t , 1 9 8 4 ) . 
A s i mpl i f i ed �o t al h e a t  ba lance may be ex p r e s s e d  a s  
t h e  s umma t i on o f  t h e  t o t a l  h eat produc t i on o f  a n i ma l s , 
t o t a l  s uppl emen t al h e a t  f r om a l l  s ourc e s , p l u s  t o t al 
e n th alpy o f  a i r  e n t e r i ng t h e  bu i ld i ng , s e t  e qu a l  t o  t h e  
t o tal enthalpy o f  a i r ex i t i ng t h e  bu ild i ng and th e t o t a l  
c o nduc t i on h e a t  lo s s  f rom t h e  bu i l d i ng ( E smay a n d  D i xon , 
1 9 8 6 ) . A .mo i s t u r e  b a l an c e  f o r  l i ve s tock bu i l d i ng s  c an be 
wr i t t en , s i m i l a rly t o  the h e a t  ba l ance , as the s umma t i on 
o f  wa t e r  vapo r f r om t h e  an i mals , wa ter vapo r o f  a i r  
e n t e r i ng t h e  bu i l d i ng , and wa t e r  evaporated f rom w e t t ed 
s u r fa c e s  s e t  e qu a l  t o  wa t e r  vapo r i n  the ou t g o i ng a i r . A 
ma s s  ba l ance f o r  t h e  v e n t i lat i on a i r  may be wr i t t en a s  t he 
ma s s  f l ow o f  a i r  en t e r i n g t h e  bu i ld i ng be ing equ a l  t o  t h e  
ma s s  flow o f  th e a i r ex i t i ng t h e  bu i ld i ng . 
Th e en e r g y  and mo i s tu r e  ba l aric e s  are r ela t ed t o  th e 
a i r  mas s  ba lan c e  o r  v e n t ilat i on rate ( MWPS , 1 9 8 3 b ) . 
In s i de c o n d i t i on s  o f  a l i ve s t o c k  bu i l d i ng are u s ual l y  s et 
depend i ng on an i ma l  t yp e , t h e n  a ven t i lat i on s ys t e m  i s  
s i z ed f o r  c o nt r o l l i ng t h e  h e a t  and mo i s t u r e  i n  t h e  
bu i ld i n g . Hea t a n d  mo i s tu r e  ba l an c e s mu s t  i nc l ude h e a t  a n d . 
m o i s tu r e  added by c o o l i n g s y s t em s , such as zone c o o l i ng 
( add i ng a cooled a i r) o r  d r i p  cooling (adding moisture). 
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T h e  e f f e c t s  o f  t h e  s u pp l emen t a l  c oo l i ng on v e n t i l a t i on 
r a t e s , mo i s t u r e  f l ow , and h e a t  f l ow can be eva l u a t e d  wh e n  
i nc o rp o r a t ed w i th t h e  ba l an c e  e quat i on s . 
Th e ana l y s i s  and de s i g n o f  v e n t i l a t i on s y s t em s  f o r  
f a r r ow i ng h ou s e s  a r e  m o r e  c r i t i ca l  than f o r  o t h e r  p i g  
h o us e s , bec au s e  n e wb o r n  p i g s  t o l e ra t e  v e r y  l i t t l e  
va r i a t i on i n  e n v i r onm e n t a l  t empe ratur e s  ( E smay and D i x o n , 
1 9  8 6 ) • H e a t  balanc e s  mu s t  c a r e fu l l y  be p e r f o rm e d  wh e n  
u s i ng a f o rm o f  s u pp l emen t a l  c oo l i ng i n  o r d e r  t o  t a k e  i n t o  
ac c ount any c ool i ng o r  mo i s t u r e  e f fe c t s  wh i ch c ou l d  vary 
-
the p i gl e t  env i r onme n t  away f r om an opt ima l  l ev e l . 
EXPERIMENTAL PROCEDURE 
S w i n e  Fac i l i t i e s : 
Re s ea r c h  was p e r f o rmed ove r the s umme r s  o f  1 9 8 6 and 
1 9 87 t o  e va l ua t e  t h e  e f fec t s  o f  dr i p  and zone c oo l i ng on 
l a c ta t i ng s w i ne . T h e  r e s earch t o o k  p l ac e  a t  Harve s t  
S ta t e s  GTA Feeds D i v i s i on l oc a t ed 6 . 4 k m  ( 4  m i l e s ) we s t  o f  
S i oux Fa l l s , S o u t h  D ak o ta . F i ve ident i c a l  far r ow i n g 
rooms , each h o l d i ng s ix s ows and l i t t e r s , w e r e  u s ed 
( F i g ure 2 ) . Th i s  r e s e a r c h  fac i l i t y was t h e  s am e  a s  u s ed 
by Hea rd ( .19 8 5 ) . 
Two days p r i o r t o  farrowi n g , s ows we re moved i n  
g r oups o f  s i x f r om t h e  g e s t a t i on barn i n t o  o n e  o f  the 
farrow i ng r o oms . S ow s  we r e  i n  l ac ta t i on appr o x i m a t e l y  
t h r e e  t o  f o u r  we e k s  a f t e r  wh i ch t h e · p i g l e t s  we r e  wean ed , 
and s ows r e t u rned t o  t h e  g e s tat i on ba rn f o r  breed i ng . The 
l e ng th of l ac tat i on was regu l a ted by wh en ·the next g r o up 
o f  s ows we re r e ad y  t o  far row , t h e r e fore , no s e t  t i me was 
u s ed for l e n g t h  o f  l a6 t a t i on a l  pe riod . Al l s ows were fed 
"ad l i b i t um " w i th t h e  s ame l ac t a t i on d i e t  t h r o u g h o u t  t h e  
rooms. A l l s ows w e r e  s i m i l a r  in g e n e t i c  back g r o und and 
we re l and race c r o s s  l a r g e  wh i t e . 
Cra t e s  we r e  o r i e n t ed s uch t h a t  s ows faced awa y f r om 
the center of the r o o m s . The f l oo r i ng was part i a l l y 
s l at t ed , t h e  f r o n t  h a l f o f  t h e  c ra t e s  we re on conc r e t e  and 
th e back h alf on w i r e  me s h . Vent i lat i on a ir was pu lled in 
or 6. 3 
/ .  
1. 
Hea t  Fl ows: 
1. mi s c ellaneous, qmi s c  
2. exhaus t, qex 
3. animal s,. qan 
4. inl e t, qin 
5. air con dit ioning, qac 
6 .  dr ip s y s t em, qdrip 
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Mo i s ture F l ows: 
1. mi s cellaneous, Wmi s c  
- 2. exhaus t, Wex 
3. animal s,  Wan 
4. inlet, Win 
5. air conditioning, Wac 
6 .  drip system, Wdrip 
N. 
1 
I , I 
2 1 
Figure 2. Heat and moisture flow components of building 
and cooling systems location. 
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through e ave i n l e t s  o n  t h e  n o r t h  s i de and exhau s t ed o n  
t h e  s outh t h r o u g h  wa l l  fan s i n  a c c o rdan c e  w i th s umme r 
ra t e s  f r om t h e  M i dwe s t  P l an S e rv i c e ( 1 9 8 3 a ) 
r ec ommenda t i ons . B l ac k  p l a s t i c  h ov e r s  wi th h e a t  l amps 
we re i ns t a l l ed i n  . t h e  f r o n t  o f  e a c h  c ra t e  i n  t h e  c r e e p  
a r e a  to p r o v ide a d r y , wa rm a r e a  f o r  t h e  p i g l e t s . 
A dr i p  c oo l i ng s y s t em , wh i c h p l a c ed wat e r  on t h e  
front s h o u l d e r  a nd n e c k  a rea o f  t h e  s ows wa s i n s t a l l ed i n  
t h e  two we s t  r o o m s . T h e  dr i p  s y s tem was s e t  t o  o p e r a t e  
wh en r o om a i r  t empe r a t u r e  e x c e eded 2 6 . 7  C ( 8 0  F ) . The 
s nout cool s ys t e m  was set t o  ope r a t e  wh en r o om a i r  
t empe rature e x c e ed ed 2 4 C ( 7 5 F )  . A i r f l ow wa s s e t  at 
1 . 0 2 m3 /m i n  ( 3 5 c fm )  pe r s ow a s  r e c ommended by t h e  M idwe s t  
P l an S e r v i c e ( 1 9 8 3 a ) . The c e n t e r  room was des i g n a t ed a s  
t h e  c o n t r o l  and h ad n o  c o o l i n g  s ys tem o t h e r  than s t a nda rd 
ven t i l a t i o n . T h e  e a s t r o oms had s nout c o o l i n g , t h e  s ame 
s ys tem as H e a rd ( 1 9 8 5 ) , w i th r ede s i gned outl e t s  f o r  b e t t e r  
d i s t r i bu t i on o f  c o o l ed a i r .  
Ou t l e t  Ch ange and D r ip C o o l  Sy s t em : · 
H e ard ( 1 9 8 5 ) r e c omme nded t h a t  f u t u r e  s n o u t  c o o l i ng . 
re search i nc l ude a r ede s i gned out l e t  f o r  t h e  s n o u t  s ys t em 
t h a t  wou l d  m i n i m i z e  d r a f t s  on t h e  young p i g l e t s  and 
prov ide . a i r f l ow to t h e  sow wh i l e s tand i ng or ly i n g down i n  
the fa r r ow i n g  c r ate . Th e prev i o us out l e t  wa s a 1 0 . 2  em ( 4  
i n . ) d i ame t e r  PVC p�pe wh i c h wa s moun t ed t o  a m e t a l  
b racke t on th e f r o n t a n d  t o p o f  t h e  c ra t e  ( He a rd , ' 1 9 8 5 ) .  
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Prob l em s  w i th t h i s  out l e t  w e r e : the s ow had to s t and t o  
r e c e ive c o o l  a i r ,  t h e  p i g l e t s  could b e  i n  dr a f t s  d u e  t o  
t h e  a i r  s t r e am be i ng d i r ec t ed downwa rd , and t h e  o u t l e t  wa s 
i nc onven i en t l y  l o c a t ed wh i c h meant i t  h ad t o  b e  r em ov ed 
when th e f r o n t  o f  .t h e  c r a t e  s wung open f o r  s o w ex i t .  
The new o u t l e t  was moun ted on t h e  s ide o f  t h e  c ra t e , 
h o r i zonta l l y  w i t h two c l amps , s o  the c rate c o u l d  b e  o p e n ed 
w i thout r emova l o f  th e s n o u t  c o o l  out l e t  ( F i g u r e  3 ) . T h e  
n e w  out l e t  has a 1 0 . 2  e m  ( 4  i n . ) tube appro x i ma t e l y  4 5 . 7  
em ( 1 8 i n . )  l o n g  w i t h  an e ndcap and e l bow . The e l bow 
s l i ps ove r  t h e  t ube , a nd t h e  prev i ous out l e t e a s i l y s l i ps 
i n to the e l bow f o r  a s n u g  f i t . E i g h t  h o l e s  a t  3 . 8  em ( 1 . S 
i n . ) d i ame t e r  we r e  p l ac ed i n  the tube wh i c h g iv e s  a 
s l i gh t l y  e n l a r g e d  o ut l e t a r e a  f o r  a reduc ed ve l oc i t y o f  
a i r  when c ompa r ed t o  t h e  p r ev i ou s  s y s t em . The h o l e s  a r e  
p l ac ed s o  t h a t  t h e  t o p  f o u r  b l ow a i r  s l i gh t l y · u pw a rd and 
the b o t tom fou r b l ow a i r  s l i g h t l y  downward . · 
Th e a i r f l ow g o e s  f rom one s ide o f  the c ra t e  t o  th e 
o t he r , a c ro s s  t h e  s ow ' s h e ad area · whe t h e r  s h �  s t a nds o r  
l i e s down . H ove r s  a r e  l oc a t ed d i rec t l y  ac r o s s  f r o m  t h e · 
new ou t l e t . T h e  h o v e r s  s t op po tent i a l  dr a f t s wh i c h a r e  
c r ea t ed b y  th e o u t l e t . The n ew out l et prov i de s  1 .  0 2  
ml / m i n  (35 c fm )  p e r  c ra t e  w i th a mean c o o l i n g e f f e c t  o f  
585 W ( 1 , 9 9 6  B t u / h )  pe r cra t e . 
Two dr i p  c o o l  s y s t e m s , wh i ch s u pp l i ed app r o x i ma t e l y  
0.5 L (0. 13 gal) p e r  h o u r  pe r cra te , we re i n sta l l e d 
End cap •• 
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Figure 3. Redesigned snout cooling outlet (horizont al mounting) . 
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i n  the two we s t  r o o m s  w i th one d r i p  c o n t r o l l e r  i n  eac h 
room . Snout v e n t i l a t i on , wh i c h d i rec t ed a s t r e am o f  
unc oo l ed a i r  a t  t h e  s ow ' s s nout , was t h e  c o o l i n g s ys t e m  
pre v i ou s l y  us ed i n  t h e  t w o  we s t  r o o m s  ( He a rd , 1 9 8 5 ) . 
The d r i p s y s t em was a c omme rc i a l  u n i t h av i ng a 
c o n t r o l l e r  t h a t  was an e l ec t r o n i c  thermo s ta t  and t i m e r  
wh i ch c o u ld be s e t  f o r  a c t u a t i on t empe rature , s h owe r t i me , 
and i n t e rval t i m e . Th e ac t uat i on tempe r a t u r e  wa s s e t  t o  
2 6 . 7  C ( 8 0 F) . H a z e n  and Man g o ld ( 1 9 6 0 ) s ta t ed t h a t  u s i ng 
wa t e r  a t  t empe r a t u r e s l owe r than 2 6 . 7  C c ou ld c h i l l  t h e  
p i g s . S h owe r t i me was s e t  t o  s ix s e c onds and i n t e rv a l  
t i me wa s fou r t e e n  m i nu t e s . Th e s e  s e t t i ng s  a l l owed f o r  
we t t i ng t h e  s ow ' s s h o u lde r and n e c k  a rea , and t i m e  f o r  t h e  
s ow t o  d r y  o f f  be f o r e  t h e  n ex t  s h owe r c yc l e ,  w i t h o u t  
we t t i ng t h e  f l o o r  o r  p i g l e t e nv i ronme nt . 
Wa t e r  was c on t r o l l ed by a s o l eno id va l ve wh i ch wa s 
ope ra ted by t h e  c o n t r o l l e r . D r i ppe r s  c ont i n u ed t o  dr i p  
a f ter t h e  6 s t o  d r a i n  t h e  l i n e s  o f  wat e r . 
to t h e  dr i p  no z z l e s  was s e t  t o  1 0 3 .. 4 k Pa 
L i n e p r e s s u r e  
( 1 5  p s i ) • ·on e  
ma i n  l i n e , i n s i d e  d i am e t e r  o f  1 .  3 e m  ( 0. 5 i n . ) ,  f ed s i x · 
branc h l i n e s  w i t h  i n s ide d i ame t e r s  o f  0 . 4 0  em ( 0. 2  i n . ) .  
Each branch l i n e  h ad d r i p p e r  n o z z l e s wh i c h we r e  r a t ed at 
3 . 8  L ( 1  g a l ) per h o u r . The no z z l e s  w e r e  p l a c ed s o  wa t e r  
wou ld b e  pl ac ed o n  t h e  s h ou lde r and neck a r ea o f  t h e  s ow . . 
Th i s  area h a s  a h i gh b l o od f l ow r a t e  for heat t r an s f e r  t o  
the sk i n  (Murphy, e t  al. , 1 9 8 3 ) .  T h e  d r i ppe r s· we r e  
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moun t ed about 3 0 . 5  em ( 1  f t ) above the c r at e s  t o  p r e ve n t  
t h e  dr i ppe r s  f r om be i ng damag ed by the s ows . 
V a r i ab l e s  Mea s u r ed : 
S w i ne p e r f o rmanc e  v a r i ab l e s  me asured were : ( 1 )  s ow 
we i gh t  l o s s  dur ing l a c t a t i on , ( 2 )  s ow feed c o n s um p t i on 
du r i ng l ac tat i on , (3 ) n umbe r o f  days r e qu i red f o r  t h e  s ow 
t o  r e turn t o  e s t r u s  a f t e r  wean i ng , ( 4 )  p i g l e t  we i g h t  g a i n  
t o  s even days o f  a g e , ( 5 )  p i g l e t  we i g ht ga i n  du r i ng e n t i r e 
l ac tat i on , ( 6 ) 
o f  p i g l e t s  on 
p i g l e t  remova l 
r a t e s , and 
n umb e r o f  p i g l e t s  on day s e ve n , ( 7 )  n umbe r 
wean day , ( 8 )  l en g th o f  l ac ta t i on , (9 ) 
du r i ng l ac t a t i on , ( 1 0 )  s ow r e s p i r a t i o n  
s ow bac k f a t  l o s s  du r i ng l ac t at i on . T h e  ( 1 1 ) 
f i r s t  e i g h t  var i ab l e s  w e r e  t h e  s ame as mea s u r ed by H e a rd 
( 1 9 8 5 ) . Bac k fa t  m e a s u r emen t s  we re i nc l uded s i nc e  s ow s  
t h a t  l o s e  l a r g e  quan t i t i e s o f  we i gh t  and back f a t  d u r i ng 
l ac ta t i on h ave a h i g h e r  i nc idence o f  de l ayed e s t r u s  t h a n  
t h o s e  that e x pe r i e n c e  m i n i ma l  l o s s e s  ( Re e s e  ·e t  a l . ,  1 9 8 4 ) . 
Data c o l l e c t i o n p r o c edu r e s , for the f i r s t  e i g h t  
var i abl e s  above , we r e  p e r f o rmed th e same a s  p r e v iou s 
r e s earch by H e a rd ( 1 9 8 5 ) . S ow and l i t t e r  pe r f o rma n c e we r e  
reported i n  gain or l oss per day per animal because of t h e  
var i a t i o n i n  l a c t a t i o n a l  p e r i ods and l i t t er s i z e . P i g l e t  
t ran s f e rs took p l ac e  i n  t h e  f i r s t  day o r  two t o  e v e n  ou t 
l i t t e r s . Be yond th e i n i t i a l t r ans fer , the t e rm p i g l e t  
remova l was u s ed i ns t e a d  o f  death l o s s  becau s e  s om e  
piglets were moved t o  a medical room due to s t a r v a ti o n  o r  
s i c kne s s . 
r emova l . 
2 2  
Any d e ad p i g l e t s  we re i nc l uded i n  p i g l e t 
S ow r e s p i r a t i on r a t e s  we r e  obs e rved one day a week 
t h roughout t h e  s umme r . Four s ows w e r e  c h o s e n  a t  r a ndom 
f rom each r o om , and t h r e e  c yc l e s  were made t h r ou g h  t h e  
f i ve rooms . R e s p i r a t i o n s  we re t i med u s i ng a s t o pwa tch , 
wh i l e dry and we t bu l b  t empe r a t u r e s  we r e  me a s u r ed i n  e a c h  
r oom w i th a s l i ng p s yc h r ome t e r . 
S ow bac k f a t  me a s u r emen t s  w e r e  made the day a ft e r  
farrow i ng and a t  wean i ng day o n  a l l s ows us i ng a " R e n c o  
Lean-Me a t e r " . R e ad i ng s  w e r e  made o f f- c e n t e r  ove r t h e  l a s t  
r i b  area . T o  r educ e chan c e  o f  e r ro r , a mark e r  was u s ed t o  
l o c a t e  f i r s t  r e ad i n g s  s o  t h a t  wean day r e ad i n g s  c o u ld be 
made i n  the s ame s p o t . T h e  bac k fa t s  we re s ta t ed i n  l o s s  
p e r  day be c a us e  o f  t h e  var i a t i on i n  l ac t at i on a l  p e r i od s . 
D r y  bu l b  t empe r a t u r e s  i n  each r o om we r e  mo n i t o r ed 
on e a c h  h o u r  o f  t h e  day w i th 
a c qu i s i t i on s y s t em . The l oc a t i on 
a c omput e r i z ed 
o f  t h e rmocoup l e s  
d a t a  
we r e  
t h e  s ame a s  H e a rd ( 1 9 8 5 ) . Two h yg r o th e rmog raph s we�e u�ed 
for spot c h e c ks o f  t empe r a tu r e  and re l at i ve h um id i t y i n  
t h e  va r i o u s  r o o m s . 
Da ta Ana lys i s : 
Nes t ed f ac t o r i a l ana l ys e s o f  va r i anc es w i th un e qu a l  
s ubc l a s s e s  we re pe r fo rmed on : s ow we i g h t  l o s s  du r i ng 
l ac t a t i o n , s ow f e ed c o n s umption dur i ng l ac tation , n umbe r 
of days r e qu i r ed f o r  t h e  s ow t o  r e t urn t o  e s t ru s  · a f t e r  
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wean i ng , p i g l e t we i gh t  g a i n  t o  s e ven days o f  a g e , p i g l e t 
we i g h t  ga i n  du r i ng t h e  e n t i r e l ac ta t i on ,  and s ow b ac k fa t  
l o s s  du r i ng l ac ta t i on . Le a s t  s qua r e s means we r e  u s e d  wh e n  
c ompa r i n g  sw i n e pe r f o rman c e  becau s e  o f  t h e  u n e qu a l  
s ubc l a s s e s  ( S t e e l  a n d  T o r r i e ,  1 9 8 0 ) . The e f f e c t s  u s ed i n  
t h e  anal ys i s  o f  v a r i a n c e  w e r e  t r e a tme n t s  ( d r i p  co o l i ng , 
s n ou t  c oo l i ng , and con t r o l ) ,  yea rs ( 1 9 8 6  and 1 9 8 7 ) ,  
pa r i t i e s  ( pa r i t y  1 s ow s  wi th t h e i r  f i r s t  o r  s ec o n d  
l i t t e r , a n d  pa r i t y  2 - a l l o th e r  s ows ) , a n d  cyc l e s  w i t h i n  
years ( numb e r  o f  t i m e s  t h e  expe r i ment wa s pe r f o rm e d , two 
t i m e s  in 1 9 8 6  and t h r e e  t i m e s  in 1 9 8 7 ) .  I n  t h e  an a l ys i s , 
t r ea tme n t s , yea r s , a nd par i t i e s w e r e  c on s i de r ed f i x e d  
e f f ec t s , wh i l e c yc l e s  w i th i n y e a r s  w e r e  cons i de r ed r a n dom. 
Leve l s  u s ed f o r  t e s t i ng o f  s i g n i f i c anc e w e r e  P<O. 05 and 
P < 0 . 0 1 for a l l sw i n e  pe r fo rman c e  var i abl e s. 
data mode l i ng ( CATMOD i n  SAS ) ( Fre eman , 
Ca t e g o r i ca l  
1 9 8 7 ) was 
pe r formed on : n umbe r of p i g l e t s  t o  day s e ven , numbe r  o f  
p i g l e t s  t o  wean , a n d  p i g l e t  r emova l becau s e  t h e y  we r e  
c o n side r ed d i s c r e t e  va r i ab l e s. S o� r e s p i rat i on r at e s  we r e  
an a l y z ed u s i ng po l yn om i a l  r e g r e s s i on t o  deve l op e qu a t i on s · 
t o  describe the s ow s  respiration rat e s  v e r s u s  a 
t empe r a t u r e -hum i d i t y  i nd e x  ( S e e  Tab l e s  1 -B ,  and Append i x  
A) • 
Heat and Mo i s t u r e  Ba l an c e s : 
Data wa s co l l ec t e d  f i ve t i me s over t h e  s umm e r  t o  
ob s e r ve i n s t a n t an e o u s  h e a t  a n d  m o i s t ure ba l anc e s  f6r e a c h  
room and the 
un i t s ( dr i p  
e f f e c t s  o f  t h e  c o o l i ng s ys t ems . 
and s n o u t  c o o l i ng s y s t ems ) we r e  
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C o o l i ng 
n o t  i n  
o pe r a t i on , on two o f  t h e  f i v e days , t h e  rema i n i ng t h r e e  
days w e r e  u s ed f o r  obs e rva t i on s ta tement s . Read i ng s  w e r e  
tak e n  a t  approx i ma t e l y  1 1  A . M .  Three r o oms we r e  u s ed f o r  
e a c h  data c o l l ec t i on , o n e  s nout c o o l , one dr i p  c o o l , and 
t h e  c o n t r o l . Ca l cu l a t i on s  w e r e  per formed on d a t a  f rom t h e  
i nd i v i dual r o oms t o  obs e r v e  e f fec ts o f  t h e  c o o l i n g 
s ys t ems . Va r i ab l e s  mon i t o re d  we re : ( 1 ) S ow and l i t t e r  
numb e r  and a g e s , ( 2 )  e x h au s t  vent i l a t i on r a t e , (3) p i t  
s u r fa c e  t empe r a t u r e , ( 4 )  dr i p  s ys tem f l ow , ( 5 )  
s upp l eme n t a l  h e a t  add i t i on s  ( l i g h t s , h e at l amps , e tc . ) ,  
( 6 )  a i r  c ond i t i on i ng d r y  bu l b  and we t bu l b  t empe r a t u r e s  a t  
the i n l e t and ou t l e t  o f  t h e  e vapo rator co i l  w i t h  a s l i ng 
p s yc h rome t e r , and ( 7 )  r o om a nd outs i de d r y  bu l b  a n d  w e t 
bu l b  t empe ra t u r e s  w i t h a s l i ng ps ych rome t e r . 
Mea s u r ed va r i ab l e s  a s s oc i a t ed w i t h · the h ea t  and 
mo i s tu r e  b a l an c e s  had e r r o r s  in each compone n t  wh e n  t ak i ng 
read i n g s , t h u s  c a r e  was t ak en t o  avo i d  e x c e ss i v e  
ma gn i tude s o f  e r r o r  wh i c h cou l d  b i a s read i ng s . Th e · 
pu rpo s e  o f  t h e  b a l anc e s  was to g a t h e r  t h e  h e a t  a n d  
mo i s t u r e  c ompo n en t s , and e va l ua t e  the .c o o l i n g s y s t em s  
ba s ed on t h e  o b s e r v a t i on s . Ac curacy wa s n o t  t h e  be s t  
po s s i b l e , yet i t  was h oped t h a t  di f f e r e nc e s  i n  c o o l i n g  
s ys tems c o u l d b e  o b s e�v ed w i th th i s  proc edu re � 
Sow and 1 i tt e r  n umbe r s  we re reco rded f o r  h eat and 
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moistu re p r oduc t i on o f  t h e  an i ma l s . H e a t  and m o i s t u r e  
valu es we r e  d e t e rm i n e d  f rom t h e  M i dwe s t  P l an S e rv i ce 
(198 3 b ) . 
I n l e t  d o o r s  l oc a t ed on t h e  n o r t h  wal l w e r e  o p en 
ful ly to avo i d  r e s t r i c t i ng t h e  a i r f l ow .  Mas s  f l ow t h r o u g h  
t h e  in l e t wa s c a l cu l a t ed u s i ng a mas s  ba l an c e  w i t h 
i n fil tra t i on a s s umed t o  be z e r o . I n l e t  a i r  c ond i t i o n s  
were mea s u r ed w i th a s l i ng p s yc h rome t e r  ( d r y  bu l b  a n d  w e t  
bu l b  tempe r a t u r e s ) .  
Exhau s t  v e n t i l a t i on was me a s u r e d  t en d i am e t e r s  
down s t ream f r om t h e  f a n  ou t l e t  ( J o r g e n s e n , 1 9 7 0 ) . A h o t -
w i re anemom e t e r  wa s u s e d  i n  t h e  p r o f i l e t o  f i nd a n  a v e r a g e  
ve loc i t y  t o  c a l c u l a t e  the f l ow rate . Exhau s t  a i r  
c ond i t i on s  we r e  m e a s u r e d  wi th a s l i ng ps ych r ome t e r . 
S u pp l eme n t a l  h e a t  cond i t i on s  we re n o t ed b y  t h e  
number o f  l i gh t s  and h e a t  l amps i n  u s e . Wa t e r  adde d  b y  
drip no z z l e s  we r e  mon i t o r ed u s i ng a � t op wa t c h  and 
c y l i nd e r . B u i l d i ng c onduc t i on , p i t h e a t  gradua t ed 
t r an s f e r , e t c . w e r e  n o t  mea s u red, bu t ca l cu l a t e d· a s  
m i scel lan e o u s  h ea t  g a i n / l o s s  i n  t h e  h e a t  ba l an c e  e q u a t i on . · 
Ps yc h r ome t r i c  equ a tions we r e  u s ed t o  c a l c u l a t e  s t a t e  
po i n ts f o r  h e a t , mo i s t u r e , and ma s s  air f l ow ba l anc e s  
( Brook er e t  a l . , 19 7 4 ) .  The h e a t  and mo i s tu r e  v a l u e s  w e r e  
expres s ed i n  p e r c e n t ag e s  t o  obse rve magn i t ude s o f  each 
componen t  i n  the ba l an c e s  (Append i x  D . l - 3 ) . · 
heat balanc e e q u a t i o n w a s  (s e e  F i g u r e 2 ): 
T h e  t o t a l 
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qmi sc = qex - qan - q i n - qsup - qac - qdr i p  ( 1 ) 
wh e r e  
qm i s c = h e a t  added / l o s t  due to bu i l d i ng c onduc t i o n , 
p i t ,  e t c . , w 
qex = h e a t  i n  e x h a u s t a i r ,  w 
qan = h e a t  added by an i ma l s ,  w 
q i n  = h e a t  added by i n l e t  a i r ,  w 
q s u p  = h e a t  added b y  l i gh t s  and h e a t  l amps , w 
qac = h ea t  added by a i r  c-ond i t i on i ng s y s t em , w 
qdr i p  = h e a t  added b y  d r i p  s ys tem , w .  
D r i p  wa t e r  wa s a s s umed t o  be a t  the we t bu l b  t empe r a t u r e  
o f  t h e  r o om . Wa t e r  h a s  a s pec i f i c  h e a t  o f  4 . 2  k J / ( k g * K )  
( 1 B t u / ( l b * R ) ) ,  t h u s  h e a t  added by wat e r  ( qd r i p  = 
Cp * Mw * ( Twa te r - T r e f )  whe r e : C p  = s pec i f i c  h e at o f  wa t e r , 
Mw = mas s f l ow o f  wa t e r , Twa t e r  = t empe rature o f  w a t e r , 
T r e f  = r e f e r e n c e  t empe r a t u r e  o f  p s yc h r ome t r i c  c h a it . 
wh e r e  
T h e  mo i s tu r e  ma s s  ba l an c e  w a s  ( s e e  F i g u r e  2 ) : 
Wmi sc = Wex - Wan - Win - Wac -Wdr i p  
Wm i s c = m o i s t u r e  
k g / h  
added / l o s t  due 
W e x  = mo i s t u r e  i n  e x h a u s t  a i r , k g / h  
t o  p i t 
( 2 ) 
e t c . , 
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Wan = mo i s tu r e added by an i ma l s ,  k g / h  
W i n  = mo i s t u r e  added by i n l e t  a i r , k g / h  
Wac = mo i s tu r e  adde d  by a i r c ond i tion i n g s y s t em , 
k g / h  
Wdr i p  = mo i s tu r e  added b y  d r i p  s ys t em , k g / h . 
The a i r ma s s  ba l anc e u s ed was : 
Min = Hex + Mac ( 3 ) 
M i n  = ma s s  f l ow o f  i n l e t a i r ,  k g /h 
Mex = ma s s  f l ow o f  exhaus t a i r , k g / h  
Mac = mas s  f l ow o f  a i r c ond i t i on i ng a i r ,  k g / h . 
The ba l an c e s  w e r e  p e r f o rmed on e a c h  r o om 
i nd i v i dua l l y . I n  t h e  b a l anc e s , t h e  a i r  c ond i t i on i ng and 
dr i p  c ompon en t s  were u s ed on l y  wh e n  appl i c a b l e .  S n o u t  
c o o l i ng r ooms c on t a i n e d  c ompon e n t s  o f  h e a t  a n d  ' m o i s t u r e  
added b y  t h e  a i r  c ond i t i on i ng s y s t e m  s i nce s n o u t  c o o l i ng 
was t h e  t ype o f  c o o ling u s ed i n  t h a t  r o om , thus q d r i p  and 
Wdrip e qua l l ed z e r o . I n  the ba l anc e s , for the d r i p  c oo l ed 
r o oms , d r i p  c ompo n en t s  o f  h e a t  and mo i s ture we r e  u s ed , 
w i t h s n o u t  c o o l i n g c omponent s s e t  t o  z e r o . 
RESULTS AND D I SCUSS ION 
S w i n e  P e r f o rman c e : 
A s nout c o o l i ng s y s t em and a dr i p  c o o l i n g  s y s tem 
were i n s ta l l ed in a f a r r o w i n g fac i l i t y t o  c ompa r e  s w i n e  
p e r f ormanc e .  T h e  s n o u t  c o o l i n g s y s tem wa s i n s t a l l ed i n  
two , s i x  c ra t e  f a r r o w i n g  rooms t o  d e l i v e r  a c o o l  s t r e am o f  
a i r  f o r  t h e  s ow s  t o  r e s p i re , and ope r a t ed w h e n  
en v i r onmen t a l  r o om t empe ratu r e s  ( dry bu l b ) e x c e e d e d  23 . 9  C 
( 7 5 F ) . T h e  d r i p  c o o l i n g s y s t em was i n s ta l l ed i n  two , s i x 
c rate f a r r ow i ng r o om s  t o  i n t e rmi t t en t l y  dr i p  wa t e r  o n  t h e  
s ow ' s s h o u l d e r / n e c k  a r e a  f o r  e vapo ra t i ve c o o l i ng ,  and 
operated wh e n  e n v i r onme n t a l  room tempe ra t u r e s ( dr y  bu l b ) 
exc eeded 2 6 . 7  C ( 8 0 F ) . One s i x  c r a t e  r o om was u s ed a s  a 
c o n t r o l . 
and 1 9 8 7 . 
R e s e a r c h  wa s pe r formed over t h e  s umme r s  o f  1 9 8 6  
Out s i de d r y  bu l b  and dew po i n t  t empe r a t u r e  da ta w e r e  
obta i n ed f r om t h e  N a t i o n a l  Wea t h e r  S e rv i c e a t  S i ou x  Fa l l s , 
S ou t h  Dak ota . T h e  Nat i onal Wea t h e r  S e rv i c e  r e po r t s  
t empe r a t u r e s  e v e r y  t h r e e  h o u r s , t h u s  t h e  th r e e - h o u r  va l u e s  
we re u s ed t o  de t e rm i n e da i l y av e ra g e  ou t s i de t empe ra t u r e s  
( d ry bu l b  and d e w  p o i n t ) ( Append i x  B ) . Da t a  w e r e  
c o l l e c t ed f r om J u l y  2 5 , 1 9 8 6  t o  S ept embe r 1 8 , 1 9 8 6 , a n d  
J u n e  1 ,  1 9 8 7  t o  S e p t embe r  8 ,  1 9 8 7 . T h e  r an g e  o f  t h e  
average da i l y  d r y  bu l b  t empe r a t u r e  f o r  t h e  s umme r s  w a s  a 
max i m um o f  3 1 . 3  C ( 8 8 . 3  F) to a m i n i mum o f  · 1 0 . 3 C 
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( 5 0 . 6  F ) . 
E n v i r o nme n t a l r o om t empe r a t u r e s  we re mon i t o r ed w i th 
t h e rmo c oupl e s  c on n e c t ed t o  a data acqu i s i t i on s y s t em . 
Th e r e was o n e  t h e rmocoup l e  p l ac e d  ou t s i de . The o u t s i de 
te mpe r at u r e  was s ub t rac t e d  f rom env i r onm e n t a l  r oom 
t e mpe ra t u r e s  f o r  a d i f f e r e n c e  be twe e n  i n s i de and o u t s i d e . 
Th e d i f f e r e nc e s  w e r e  th e n  c ompared be twe e n  t h e  d r i p  
c o o l e d , s n o u t  c o o l ed , and c on t r o l  r o oms w i t h  a n e s t ed 
fac t o r i a l  an a l ys i s  o f  v a r i an c e . The dr i p  c oo l ed a n d  s n o u t  
c o o l ed r o oms had g r e a t e r  t empe rature d i f f e r e nc e s  ( h i gh l y  
s i gn i f i c an t l y  d i f f e r e n t ) t h an t h e  c o n t r o l  room , t h u s  t h e  
env i r o nm e n ta l 
depende n t . 
r o om 
Th e average 
t empe ra t u r e s  
l ac tat i o n a l  
w e r e  c o o l i ng s y s t em 
pe r i ods we r e  m o n i t o r e d  
th r o ug h o u t  th e s t udy . _ Th e l ac t a t i onal pe r i o d s  w e r e  
re g u l a  t e d  b y  wh e n  t h e  n e x t g r oup o f  s ows we r e  r e a d y  t o  
farrow . S w i ne pe r f o rman c e  da ta we r e  tabu l at e d  o n  a p e r  
pi g l e t  p e r  d a y  bas i s  t o  acc oun t f o r  t h e  d i f f e r en t l i t t e r  
s i z e s  and l ac t a t i o n a l  pe r i ods . 
Sw i n e pe r fo rmance wa s t e s t e d  be tween t h e  c o n t r o l � 
d r i p c o o l , a nd s n o u t  c o o l  a n i ma l s  by mon i t o r i ng t h� 
f o l l ow i ng va r i ab l e s : s o w we i gh t  l o s s  du r i ng l ac t a t i o n ,  
s ow f e ed c o n s umpt i o n du r i ng l ac t a t i on , s ow bac k fa t  l o s s  
du r i n g l ac t a t i o n , d a y s  r e qu i r ed f o r  t h e  s ow t o  r e t u r n  t o  
e s t ru s  a f t e r  wean i ng , _ p i g l e t  we i g h t  g a i n  t o  d�y s e v e n , and 
p i g l e t we i g h t  ga i n  t o  wean . T h e  a bove var i ab l e s  w e r e  
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c on t i nu o u s  and n e s t ed fac t o r i a l  ana l y s i s  o f  var i anc e s  we r e  
us ed ( Tab l e s  A . l - A . 5 ) . Numb e r  o f  p i g l e t s  t o  day s e v e n , 
numb e r  o f  p i g l et s  t o  wean , and p i g l e t s  r emo ved we r e  n o t  
i n c l uded i n  Tab l e  1 o r  2 becau s e  t h e y  we r e  c on s i de r e d  
d i s c re t e va r i ab l e s  a n d  we r e  an a l y z ed u s i ng c a t e g o r i ca l  
data mode l i ng ( CATMOD i n  SAS ) ( F r e eman , 1 9 8 7 ) .  V a r i ab l e s  
are de f i ned i n  Append i x  F .  
T r e a t me n t s  f o r t h i s  s t udy we re d r i p  c o o l , s n o u t  
c o o l , and c o n t r o l  w i t h y e a r s  be i ng 1 9 8 6  a n d  1 9 8 7 . T h e r e  
w e r e  t wo par i t y g ro up s ; par i t y one be i ng s ows w i t h t h e i r  
f i r s t  o r - s e c ond l i t t e r ; pa r i t y two wa s t h e  r ema i n i ng s ow s . 
C yc l e s  w i t h i n  y e a r s  we r e  t h e  numb e r  o f  t i me s t h e  
expe r i m ent wa s p e r f o rmed , f i v e cyc l e s  occ u r r e d  be twe e n  t h e  
two yea r s  ( two c yc l e s  f o r  1 9 8 6  and t h r e e  f o r  1 9 8 7 ) .  E a c h  
s w i n e  va r i ab l e  ( Tab l e s  1 a n d  2 )  wh i c h i nd i c a t e d  
s i gn i f i c an c e  f r om t h e  an a l ys i s  o f  var i anc e  wa s a s s i g n e d  
an as t e r i sk o r  as t e r i s k s . Two a s t e r i s k s  i nd i c a t e s  
s i g n i f i cance a t  t h e  P < 0 . 0 1 l eve l and i s  r e po r t ed � s b e i ng 
" h i gh l y  s i gn i f i c a n t l y  d i f f e r en t " . On e a s te r i s k i nd i c a t e s  
s i g n i f i cance a t  t h e  P < 0 . 0 5 l eve l and i s  r e p o r ted a s  b e i ng 
" s i gn i f i c ant l y  d i f f e r e n t " ( T a b l e s  1 and 2 ) . 
The s ow / l i t t e r  pe r f o rmance wa s t e s t ed acc o rd i ng t o  
t h r e e  g r o ups : t h e  f i r s t  g r oup i nc l uded a l l  s ows 
re gard l e s s  of  av e rag e o u t s i d e  t e mpe r a t u r e , g r ou p  two was 
o n l y  those s ow s  tha.t . e x pe r i e n c e d  t en o r  mo r e  da y s  o f  
a v e r ag e  o u t s i d e t e mpe r a t u r e s . a t  o r  above 23 . 9  C ( 7 5 F ) , 
Tab l e  1 .  E f fec t s  o f  d r i p  c o o l i ng , snout c o o l i ng , a n d  
c o n t r o l  on c on t i nu o u s  s w i n e var i abl e s  f o r  t h e  
ent i r e c o l l ec t i on o f  data . 
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G r o up 1 : S W L  S FC BFL RTE P G 7 POW 
T n s  n s  n s n s  
y n s  n s  n s  
T * Y  n s  n s  
p n s  * *  * 
T * P 
Y * P  n s  
C ( y ) n s  * *  * 
T * C ( y )  * ns  
P * C ( y )  n s  
T * Y * P  
T * C ( y ) * P 
N o t e s : 
* *  - i nd i c a t e s  s i g n i f i c anc e a t  P < O . O l l e v e l  
* - i nd i c a t e s  s i gn i f i c anc e a t  P < 0 . 0 5 l e ve l 
n s  
n s  
n s  
* 
n s  
* *  
n s  
n s  
n s  
* *  
n s  
n s  - i nd i c a t e s  n o  s i g n i f i canc e a t  P < O . O l o r  P < 0 . 0 5 l e v� l 
Group 1 - E n t i r e c o l l e c t i on o f  data 
B l ank areas i nd i c a t e s  e f f e c t s  removed f o r  reduc e d  m o d e l s  
BFL - back fat l o s s  v a l u e s  we r e  taken i n  1 98 7  on l y , t h u s  
no c yc l e s  w i th i n  yea r s , j u s t  cyc l e s  
T - t r e a t m e n t s ; d r i p  c o o l , s n o u t  c o o l , and c on t r o l  
n s  
n s  
* *  
n s  
C ( y ) - cyc l e s  w i t h i n  y e a r s ; e ach cyc l e  was one r un o f  t h e  
e x pe r i me n t  
C - cyc l e s ; each c yc l e  w a s  o n e  r u n  o f  t h e  expe r i me n t  
P - par i t i e s ; a g e  o f  s ow s  ( pa r i t y 1 - s ows w i t h f i r s t  o r  
s e c ond l i t t e r , p a r i t y 2 - a l l o th e r  s ows ) 
Y - ye a r s ; 1 986 and 1 9 8 7  
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Tab l e  2 .  E f f ec t s  o f  d r i p  c oo l i ng , s n o u t  c o o l i n g , and 
c o n t r o l  on c on t i nuous s w i ne var i ab l e s  f o r  a n i ma l s  
t h a t  we r e  e x po s ed t o  a t  l ea s t t e n  day s  o f  
av e r a g e  o u t s i d e  t empe r a t u re a t  o r  abo ve 2 3 . 9  C 
( 7 5 F ) , and at l ea s t  two days o f  ave ra g e  o u t s i d e 
t empe r a t u r e  at o r  abov e 2 6 . 7  C ( 8 0 F) . 
Group 2 :  SWL S FC BFL RTE PG 7 P GW 
T n s  n s  n s  n s  n s  
c * *  * *  n s  n s  * * 
* *  * *  n s  n s  n s  
p n s  n s  n s  n s  n s  
n s  ns n s  n s  
* *  * *  n s  n s  n s  
n s  ns ns ns 
Group 3 :  SWL SFC BFL RTE PG7 PGW 
T n s  n s  n s  n s  
c * *  * *  n s  n s  
* *  * *  * ns 
p n s  n s  n s  
n s  n s  
* *  * *  
n s  * 
N o t e s : 
* *  - i nd i ca t e s  s i gn i f i c anc e at P < O . O l l eve l 
* - i nd i ca t e s  s i g n i f i c anc e at P < 0 . 0 5 l eve l 
n s  n s  
* * *  
n s  * 
n s  - i nd i c a t e s  n o  s i g n i f i c an c e a t  P < O . O l or P < 0 . 0 5 l e v e l  
G r oup 2 - An i ma l s expo s e d t o  t h e  ave r a g e  o u t s i de t empe r a t u r e s  
a t  o r  above 2 3 . 9  C ( 7 5 F )  
G r oup 3 - An i ma l s expo s e d  t o  th e ave r a g e  o u t s i de t empe r a t u r e s  
a t  o r  above 2 6 . 7  C ( 8 0 F )  
B l ank a r e a s  i nd i c a t e s  e f fe c t s  removed f o r  reduc ed m o d e l s  
T - t r e atmen t s ; d r i p  c o o l , s no ut c o o l , and c on t r o l  
C - c yc l e s ; e ach c yc l e  w a s  one r u n  o f  t h e  expe r i men t  
P - pa r i t i e s ; a g e  o f  s ow s  ( pa r i t y  1 - s ows w i � h f i r s t  o r  
s e c o nd l i t t e r , p a r i t y  2 - al l o t h e r  s ows ) 
Y - ye a r s ; 1 9 8 6  and 1 9 8 7  
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and g r oup t h r e e  wa s on l y  tho s e  s ows that e xp e r i e n c e d  two 
o r  more days of ave r a g e  ou t s i de t empe ra t u r e s  a t  or above 
2 6 . 7  C ( 8 0 F )  ( Ta b l e s  1 and 2 ) . Ana l y s i s  o f  v a r i ance 
tab l e s  are l oc a t e d  in Append i x  A f o r  s w i n e pe r fo rmance 
va r i ab l e s . Tab l e s  
to t h e  t ab l e s  f o r  
f o r  g r o u ps two and t h r e e  we r e  s i m i l a r  
t h e  overa l l popu l a t i o n , e x c e p t  t h e  
e f fec t s  du e to yea r s  w e r e  removed , s i nc e  a l l d a t a  i n  t h e s e  
g r oups c ame o n l y d u r i ng 1 9 8 7 . S ows f o r  g r o u p s  two and 
t h r e e  w e r e  on l y  f r om 1 9 8 7 , becau s e  none of the s ow s  f r om 
1 9 8 6  me t the t empe r a t u r e  c r i t e r i a . T h e  th i r t y  year 
av e ra g e  · f o r  S i o ux Fa l l s , South Dak ota i nd i c a t e s  e l e v e n  
days w i t h  a n  ave r a g e  o u t s i d e  t empe r a t u r e  a t  o r  above 2 3 . 9  
C ( 7 5 F ) , and z e r o  da ys w i th an av e ra g e  o u t s i de 
t empe r a t u r e at o r  above 2 6 . 7  C ( 8 0  F ) . E x a m i n i ng t h e  
h i g h e r  ou t s i de t empe ra t u r e s  m i g h t i nd i ca t e  wha t c o u l d  
happen i n  a r e a s  t h a t  h a v e  h i gh e r  average tempe ra t u r e s  than 
S ou t h  Dak ota . 
The dr i p  and s n o u t  c o o l i ng s ys t ems d i d  n c;> t  r educ e 
t h e  average s ow w e i gh t  l o s s  pe r _day ( Tab l e s  1 ,  2 , an� 3 ) . 
T h e  dr i p  c o o l ed s ows l o s t  0 . 1 5 4 k g / day ( 0 . 3 4 0  l b / d a y ) ,  t he 
s n ou t  c o o l ed s ow s  l o s t  0 . 3 7 0  k g / day ( 0 . 8 1 6  l b / day ) , and 
t h e  c on t r o l  g ro u p  l o s t  0 . 3 8 2  k g / day ( 0 . 8 4 2  l b / day ) on t h e  
averag e . The l e a s t s qu a r e s  mean s w e r e  n o t  s i gn i f i c an t l y  
d i f f e r ent , t h u s  t h e  c o o l i ng s y s t ems appe a r e d  t o  mak e no 
d i f f e r enc e on s ow w e i g h t  l o s s  to wean . S ow we i gh t  l o s s  by 
by age of s ow ( pa r i t i e s ) ,  y e a r s  ( 1 9 8 6  and 1 9 8 7 ) , and 
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Tab l e  3 .  R e s u l t i ng l e a s t s qua r e s  means f o r  dr i p  c oo l i n g , 
s n o u t  c oo l i ng , and c o n t r o l  fo r t h e  e n t i r e 
c o l l e c t i on o f  data for t h e  c o n t i nu o u s  s w i n e 
var i ab l e s . 
numb e r  o f  obs e r va t i on s  
l ea s t  s qu a r e s  m e a n s  
s i gn i f i c anc e  
numb e r  o f  o b s e rv a t i on s  
l ea s t s qua r e s  mean s 
s i gn i f i c anc e  
numb e r  o f  obs e rva t i o n s  
l ea s t  squa r e s  me an s 
s i g n i f i cance 
numbe r o f  obs e rva t i on s  
l e a s t  s qua r e s  m e a n s  
s i gn i f i c anc e 
SWL ( k g /day ) 
Con 
2 9  
0 . 3 8 2  
a 
S FC ( kg / day ) 
Con 
2 8  
5 . 2 8 
a 
BFL ( mm / day ) 
Con 
1 8  
0 . 0 8 1  
a 
RTE ( days ) 
C on 
2 9  
5 . 6 0 
a 
s c  
5 3  
0 . 3 7 0  
a 
s c  
5 4  
5 . 6 1  
a 
s c  
3 4  
0 . 0 8 6  
a 
s c  
5 1  
5 . 4 6 
a 
D r ip 
4 9  
0 . 1 5 4 
a 
D r ip 
4 9  
5 . 6 8 
a 
D r ip 
3 5  
0 .  0 5 5 . 
a 
D r ip 
4 4  
5 . 9 5 
a 
N o t e : Same l e t t e r  de s i g na t i on i nd i ca t e s  n o  s i g n i f i c a n t  
d i f f e r en c e , c a p i t a l  l et t e r s  repre s en t  s i g n i f i ca n c e  
at t h e  P < O . O l l e v e l  and l ow e r  c a s e  l e t t e r s  
repr e s en t  s i g n i f i ca n c e  a t  t h e  P < 0 . 0 5 l ev e l 
Tab l e  3 .  ( c ont i nu ed ) 
PG 7 ( kg / pi g l e t / day ) 
numbe r o f  obs e r va t i on s  
l ea s t  s quar e s  m e a n s  
s i g n i f i c anc e 
Con 
2 9  
0 . 1 7 3  
a 
s c  
5 4  
0 . 1 7 0 
a 
PGW ( kg / p i g l e t / day ) 
number o f  obs e rva t i on s  
l e a s t  s q ua r e s  mean s 
s i g n i f i cance 
C o n  
2 9  
0 .  1 8 4 
a 
sc 
5 4  
0 . 1 8 8 
a 
D r ip 
4 8  
0 .  1 6 4  
a 
D r i p  
4 9  
0 .  1 7 2  
a 
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N o t e : S ame l e t t e r  d e s i g n a t i on i nd i c a t e s  n o  s i gn i f i c a n t  
d i f fe re n c e , c ap i t a l  l e t t e r s  repre s e n t  s i gn i f i c anc e 
a t  t h e  P < O . O l l e v e l  and l owe r c a s e l e t t e r s  
repr e s en t s i g n i f i c anc e a t  t h e  P < 0 . 0 5 l e v e l 
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c yc l es w i t h i n  ye a r s  ( a  r u n  o f  t p e  expe r i me n t  t h r o u g h  t h e  
barn ) we re n o t  s i g n i f i ca n t  wh e n  exam i n i ng t h e  e n t i r e da ta 
c o l l ec t i on ( Tab l e  1 ) .  Th e s ows wh i ch were expo s e d  t o  t h e  
h i gh e r  ave rage o u t s i de t empe r a t u r e s  w i th a t  l ea s t t e n  d a y s  
a t  o r  above 2 3 . 9  C ( 7 5 F )  a nd / o r  at l ea s t two d a y s  a t  o r  
above 2 6 . 7  C ( 8 0 F )  h ad w e i g h t  l o s s e s  wh i ch we r e  h i gh l y  
s i g n i f i cant l y  d i f f e r e n t b e tween c yc l e s ( a  r u n  o f  t h e  
expe r i ment th r o u g h  t h e  b a rn ) , b u t  due t o  t h e  random n a t u r e  
o f  t h e  c yc l e s  a n y  c ompa r i s on s  wou l d  b e  po i n t l e s s . 
S ow f e e d  c o n s umpt i on wa s n o t  changed b y  t h e  d r i p  o r  
s nou t c o o l i ng s y s t em s  ( Tab l e s  1 ,  2 ,  and 3 ) . D r i p  c o o l ed 
s ows c o n s umed 5 . 6 8 k g / da y  ( 1 2 . 5  lb /day ) ,  s n o u t  c oo i ed 
c o n s umed 5 . 6 1 k g / day ( 1 2 . 4  l b / day ) ,  and t h e  c on t r o l  s ows 
c o n s umed 5 . 2 8 k g / da y  ( 1 1 . 6 l b/ day ) w i th no s i gn i f i ca n t  
d i f f e r e nc e s  be twe en c o o l e d  g r oups o r  t h e  c on t r o l g r oup . 
C yc l e s w i th i n  yea r s  we r e  h i g h l y  s i g n i f i can t l y  d i f fe r e n t  
( Tab l e  1 ) , but d u e  t o  t h e  c yc l e s  w i th i n  yea r s  b e i ng a 
random e f f e c t  t h e  c ompa r i s on wou l d  be mean i ng l e s s � C yc l e s  
a t  the h i gh e r  a v e r a g e  o u t s i de env i ronmen t a l  tempe r a t u r e s  
were a l s o  h i g h l y  s i g n i f i c ant l y  d i f f e r e n t , bu t c yc l e s  we r e  
c ons i de r ed r a n d o m  a n d  n o  c o mpa r i s ons we r e  made . S ow f e e d  
c o ns umpt i on b y  pa r i t y wa s f ound t o  b e  h i gh l y  s i gn i f i c an t l y  
d i f fe r e n t  ( Tab l e  4 ) . Par i t y one s ows ( s ows w i t h t h e i r  
f i r s t  or s ec o nd l i t t e r ) c on s umed 5 . 2 2 k g / day ( 1 1 . 5 l b /day ) 
wh i l e the par i t y two s ows ( s ows w i th al l o t h e r  l i t t e r s )  
c ons um ed 5 . 8 3 k g / da y ( 1 2 . 8  lb / day ) .  The o l d e r s ow s 
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Tab l e  4 .  R e s u l t i ng l e a s t  s quar e �  means f o r  ag e o f  s ow s  
( pa r i t y 1 - s ows w i t h  f i r s t  o r  s ec o nd l i t t e r s , 
pa r i t y 2 - a l l o t h e r  s ows ) f o r  t h e  e n t i r e 
c o l l ec t i o n o f  da ta f o r  s ow f e ed c o n s umpt i o n t o  
wean , t i m e  r e qu i r ed f o r  t h e  s ow t o  r e t u r n  t o  
e s t r us a f t e r  wean i ng , and pi g l e t  we i gh t  g a i n  t o  
day s e ve n . 
numbe r o f  obs e r va t i on s  
l ea s t  s qu a r e s  means 
s i g n i f i canc e 
numb e r  o f  obs e rva t i o n s  
l e as t s qu a r e s  m e a n s  
s i gn i f i c ance 
numbe r of obs e rva t i on s  
l e a s t  s qua r e s  m e a n s  
s i g n i f i c anc e 
S FC ( kg /day ) 
Par i ty 1 
5 3  
5 . 2 2 
A 
RTE ( days ) 
Par i ty 1 
5 2  
6 . 6 1 
a 
P G 7  ( k g / p i g � e t / day ) 
Pa r i ty 2 
7 8  
5 . 8 3 
B 
Par i ty 2 
7 2  
4 . 7 4 
b 
Pa r i ty 1 Par i ty 2 
5 4  7 8  
0 . 1 7 0 0 . 1 6 8  
a b 
N o t e : Same l e t t e r  de s i gn a t i on i nd i c a t e s  no s i gn i f i c a n t  
d i f f e re n c e , c ap i t a l  l e t te r s  r ep r e s en t  s i g n i f i c� n c e  
a t  t h e  P < 0 . 0 1 l e v e l  a n d  l ow e r  c a s e l e t te r s  r e pr e s ent 
s i g n i f i c a n c e  at the P < 0 . 0 5 l ev e l  
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c o n s umed 1 0  pe rc e n t  m o r e  f e e d  t han d i d  the youn g e r  s ow s . 
S ow bac k f a t  l o s s e s  w e r e  n o t  s i gn i f i c a n t l y  c h an g ed b y  
t h e  c o o l i ng s y s t e m s  ( Ta b l e s  1 ,  2 ,  and 3 ) . D r i p  c o o l e d  
s ows l o s t  0 . 0 5 5  mm / day ( 0 . 0 0 2  i n / da y ) , s n o u t  c o o l e d  s ow s  
l o s t  0 .  0 8 6  mm/ day ( 0 .  0 0 3  i n / da y ) , and t h e  c on t r o l  s ow s  
l o s t 0 . 0 8 1  mm / da y  0 . 0 0 3  i n / day ) o f  bac k fa t . Bac k fa t  
l o s s e s  we r e  n o t  a f f e c t e d  b y  age o f  s ows o r  y e ar s . 
Ove ra l l ,  d i f fe r e nc e s  i n  c yc l e s  we r e  de t e c t e d , bu t h e r e  
aga i n  w i th c yc l e s  c on s i de r ed random , c ompa r i s on s  wou l d  b e  
mean i ng l e s s . 
The t i me r e qu i r e d  f o r  t h e  s ows t o  r e t u rn t o  e s t r u s  
a f t e r  wean i ng w a s  n o t  s i gn i f i c an t l y  d i f fe r e n t  be t w e e n  d� i p  
c oo l ed s ows , s n ou t  c o o l e d s ows , and c o n t r o l  s ow s  ( Tab l e s  
1 ,  2 ,  and 3 )  . Th e d r i p  c o o l ed s ows r e tu r ned t o  e s t ru s  i n  
5 .  9 5  days , t h e  s n o u t  . c oo l ed s ows r e t u rn ed t o  e s t ru s  i n  
5 . 3 4 days , and t h e  c on t r o l  s ows r e t u r ned t o  e s t ru s  i n  5 . 6 0 
days . The a g e  o f  t h e  s ows mad e a d i f f e renc e i n  t i me 
r e qu i r ed for s ow s  t o  r e t u r n  t o  e s t rus ( Tab l e  4 ) �  Par i ty 
o n e  s ows ( s ows w i th t h e i r  f i r s t  o r  s ec ond l i t t e r ) r e t u rn ed 
t o  e s t r u s  i n  6 . 6 1 d a y s , and par i t y two s ows ( s ows w i t h  a l l 
o t h e r  l i t t e r s ) r e t u rn e d  t o  e s t rus i n 4 . 7 4 days wh i ch w a s  
s i gn i f i ca n t l y  l ow e r  t h an t h e  t i me f o r  par i t y o n e . 
P i g l e t we i g h t  g a i n  t o  s e ven days w a s  n o t  
s i gn i f i c an t l y  d i f f e r e n t  b e twe e n  an i ma l s i n  d r i p · c o o l e d , 
s n o u t  c oo l ed , o r  c o n t r o l r o o m s  ( Tabl e s  1 ,  2 ,  and 3 ) . Th e 
dr i p  c o o l ed r o o m s  had p i g l e t s wh i c h gai ned o n  t h e  a ve r a g e 
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0 . 1 6 4  k g / p i g l e t / day ( 0 . 3 6 2  l b / p i g l e t / da y ) ,  t h e  s no u t  
c o o l ed r o oms had p i g l e t s  ave rag i ng 0 .  1 7 0 k g / p i g l e t /day 
( 0 . 3 7 5  l b / pi g l e t / da y ) of we i gh t  ga i n , and the p i g l e t s i n  
t h e  c o n t ro l  r o o m  ga i n e d  0 . 1 7 3 k g / p i g l e t / d a y  ( 0 . 3 8 1  
l b / p i g l e t / day ) o n  t h e  ave r a g e . The young e r  s ow s  ( pa r i t y 
one ) h ad p i g l e t s wh i c h  g a i ne d  0 . 1 7 0 kg / p i g l e t / d a y  ( 0 . 3 7 5  
1 b/ p i g l e t / day ) o n  t h e  a v e r ag e , and o l d e r  s ow s  ( pa r i t y  
two ) t h a t  had p i g l e t s  wh i c h  ga i ned 0 . 1 6 8  k g / p i g l e t / da y  
( 0 . 3 7 0  l b / p i g l e t / day ) o n  t h e  ave rage . T h e r e  w a s  a 
s ta t i s t i ca l  s i gn i f i c a n c e  be twe e n  t h e  g a i n s  by pa r i t y ,  bu t 
i n  a pr�c t i ca l  s en s e , t h e  d i f fe r e n c e s  were t o o  s ma l l t o  be 
mea s u r ed . Th e s ame wou l d  app l y  t o  the i n t e rac t i on s  o f  
yea r s  by pa r i t y , and t rea tmen t s  by years b y  pa r i t y . A l s o , 
s i gn i f i cance wa s obs e rved due t o  cyc l es , bu t c yc l e s  w e r e  
random mak i ng c ompar i s o n s  po i n t l e s s . 
P i g l e t  we i gh t  ga i n  t o  wean wa s n o t  s i g n i f i c an t l y  
d i f f e r e n t  be twe e n  p i g l e t s  f r om dr i p  c o o l ed , s n o u t  c o o l ed , 
and c o n t r o l  rooms ( Tab l e s  1 ,  2 ,  and 3 ) . P i g l e t s . f r om d r i p  
c o o l ed rooms ga i n ed 0 .  1 7 2  k g / p i g l e t /day ( 0 .  3 7 9  
l b / p i g l e t / day ) ,  p i g l e t s  f rom s n o u t  coo l ed r o om s  g a i �ed 
0 . 1 8 8 k g / p i g l e t / d ay ( 0 . 4 1 4  l b / p i g l e t / day ) ,  and p i g l e t s  
from t h e  c on t r o l  r o om ga i n e d  0 .  1 8 4 kg / p i g l e t / da y  ( 0 .  4 0 6  
l b / p i g l e t / day ) t h r o u g h o u t  t h e  l ac t at i on . Th e r e  w a s  a h i g h 
s i gn i f i c ant i n t e rac t i on o f  t r e a tment s ( dr i p  c o o l , s n ou t  
c o o l , a n d  con t r o l ) by y e a r s  ( 1 9 8 6  and 1 9 8 7 ) ( Tab l e s  1 and 
5 ) .  Ob s e rv i ng the t r e a tmen t s  w i t h i n  years i n t e ra c t i o n , 
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Tab l e  5 .  Res u l t i ng l e a s t  s qu a r e s  means f o r  dr i p  c o o l i ng ,  
snou t c o o l i ng , and c on t r o l  w i t h i n  1 9 8 6  and 1 9 8 7  
f o r  t h e  e n t i r e c o l l e c t i on o f  data f o r  p i g l e t 
we i g h t  ga i n  t o  w e an . 
P GW ( kg /p i g l e t /day ) ( 1 9 8 6 ) 
C on sc D r i:Q 
n umbe r o f  obs e r v a t i on s  1 1  2 0  1 4  
l ea s t  s qu a r e s  means 0 . 2 0 7  0 .  1 8 5 0 .  1 6 6 
s i g n i f i canc e A A 
B B 
PGW ( kg / p i g l e t / day } ( 1 9 8 7 ) 
s c  Dr i:Q C on 
n umbe r o f  obs e r va t i on s  3 4  3 5  1 8  
l ea s t  s qu a r e s  means 0 . 1 9 1  0 . 1 7 8 0 .  1 6 1  
s i gn i f i c an c e  A A 
B B 
N o t e : S am e  l e t t e r  de s i gn a t i on i nd i c a t e s  no s i gn i f i c ant 
d i f f e r e n c e , c ap i t a l  l e t t e r s  repre s en t  s i gn i f i c anc e 
a t  t h e  P < 0 . 0 1 l ev e l and l ow e r  c a s e  l e t t e r s  
r e p r e s e n t  s i g n i f i canc e a t  t h e  P < O . O S l e v e l 
two a r e a s  o f  h i gh s i gn i f i c anc e we r e  found . 
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I n  year 1 9 8 6 , 
t h e  p i g l e t s i n  t h e  d r i p  c oo l ed r o o m s  ga i n ed 0 . 1 6 6  
k g / p i g l e t / day ( 0 . 3 6 6  l b /p i g l e t / day ) wh i c h was h i gh l y  
s i gn i f i can t l y  l owe r than t h e  p i g l e t s  i n  the c on t r o l r o om 
wh i ch g a i ned 0 . 2 0 7  k g / p i g l e t / day ( 0 . 4 5 6 l b/ p i g l e t / day ) 
t h r o u g h o u t  t h e  l a c t a t i on .  One r e a s o n  f o r  t h e  p i g l e t s  i n  
t h e  d r i p  c oo l ed r ooms hav i ng t h e  l ower ga i n s  c o u l d  b e  du e 
t o  t h e  s c ou r  prob l ems , wh i c h c o u l d . have been u l t i mat- e l y  
c au s ed b y  t o o  muc h  wa t e r  be i ng app l i ed b y  t h e  dr i p  s ys tem . 
I n  1 9 8 7 , t h e  p i g l e t s  i n  t h e  s n o u t  coo l ed r o o m s  ga i n ed 
0 . 1 9 1  k g / pi g l e t / da y ( 0 . 4 2 1  l b / p i g l e t /day ) wh i ch was h i gh l y  
s i g n i f i c ant l y  
g roup wh i c h 
be t t e r  than the p i g l e t s  f r om t h e  
g a i n e d  0 . 1 6 1  k g / p i g l e t / day 
c o n t r o l  
( 0 . 3 5 6  
l b / p i g l e t / day ) .  T h e  s no u t  c o o l i ng s y s t em po s s i b l y  
i mp r oved s ow pe r f o rman c e  enough i n  th i s  s i tua t i on t o  be 
d e t e c t e d  by th e data f r om the p i g l e t  we i gh t  ga i n s to wean . 
P i g l e t  we i gh t  ga i n s a t  t h e  h i gh e r  ave rag e o u t s i de 
env i r o nm e n t a l  t empe rat u r e s  had s ome s i gn i f i c anc e due to 
c yc l e s , but s i nc e  t h e  c yc l e s  we re random t h e  c ompa r i s o n s  
wou l d  be po i n t l e s s . 
Numb e r  o f  p i g l e t s  o n  da y 
wean , and p i g l e t  r emova l 
s even , 
we r e  
number o f  p i g l e t s  t o  
cons i de r ed d i s c r e t e 
var i ab l e s , and w e r e  ana l y z ed u s i ng c a t e g o r i c a l  data 
mode l i ng ( CATMOD in SAS ) ( F r e eman , 1 9 8 7 ) .  T e s t i ng wa s 
done u s i n g  wh o l e  ·numbe r s , bu t va l u e s  were r e po r t ed a s  
ave rag e s  ( Tab l e  6 ) . 
. ' 
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Tab l e 6 .  Re s u l t i n g  means f o r  dr. i p  c o o l i ng , s n o u t  c o o l i n g , 
c o n t r o l , and yea r s  ( 1 9 8 6  and 1 9 8 7 ) f o r  t h e  e n t i r e 
c o l l ec t i on o f  da t a  f o r  t h e  d i s c r e t e s w i n e  
var i ab l e s .  
PGD 7 ( p i g l e t s / c rate ) 
C on s c  D r i:Q 
numbe r o f  obs e rvat i on s  2 9  5 4  4 8  
means 9 . 6 8 1 0 . 2  9 . 9 7 
s i g n i f i canc e a a a 
1 9 8 6  1 9 8 7  
numb e r  o f  obs e r va t i on s  4 4  8 7  
means 9 . 9 4 9 . 9 7 
s ign i f i c a n c e  a a 
PW ( p i g l e t s / c ra t e ) 
C o n  s c  D r i� 
numb e r  o f  obs e rvat i on s  2 9  5 4  4 9  
mean s 9 . 3 2 9 . 6 1 9 . 6 9 
s i gn i f i c a n c e  a a a 
1 9 8 6  1 9 8 7  
numbe r o f  ob s e rvat i on s  4 5  8 7  
means 9 . 8 1 9 . 2 6 
s ign i f i canc e A B 
PR ( p i g l e t s / c ra t e ) 
C o n  s c  D r i:Q 
numbe r o f  obs e rvat i on s  2 9  5 4  4 9  
mean s 1 . 0 6 1 .  1 4  1 .. 2 4  
s i gn i f i canc e a a a 
1 9 8 6  1 9 8 7  
numbe r o f  o b s e rvat i on s  4 4  8 7  
means 0 . 8 3 1 . 4 7 
s i gn i f i c anc e A B ..-/ 
N o t e : S ame l e t t e r  de s i gnat i on i nd i c a t e s  n o  s i g n i f i ca n t  
d i f f e r enc e , ca p i t a l  l e t t e r s  r ep r e s e n t  s i gn i f i c anc e 
a t  t h e  P < 0 . 0 1 l eve l and l ow e r  c a s e  l e t t e r s  r e p r e s e n t  
s i gn i f i cance a t  t h e  P < 0 . 0 5 l e ve l 
· 
Th e n umbe r o f  p i g l e t s  
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on day s even was n o t  
s i gn i f i c an t l y  d i f fe r en t  between p i g l e t s  f r om dr i p  c oo l ed , 
s n o u t  c o o l ed , o r  c on t r o l  r o oms . The dr i p  c o o l ed s ow s  
ave raged 9 . 9 7 p i g l e t s , t h e  s n o u t  c o o l  s ow s  ave r a g e d  1 0 . 2  
p i g l e t s , and t h e  c on t r o l  s ows ave raged 9 . 6 8 p i g l e t s . N o  
s i gn i f i c a n t  d i f f e r e nc e s  we re found be tween yea rs , 1 9 8 6  had 
9 . 9 4 p i g l e t s  p e r s ow and 1 9 8 7  had 9 . 9 7 p i g l e t s  per s ow . 
The n umbe r o f  p i g s on wean da y wa s n o t  
s i g n i f i can t l y  d i f fe r e n t  b e twee n  p i g l e t s  f r om dr i p  c o o l ed , 
s nout c oo l ed , o r  c on t ro l  rooms . D r i p  c o o l ed r o om s  had 
9 . 6 9 p i g l e t s  pe r s ow weaned , s no u t  c o o l ed rooms h ad 9 . 6 1  
p i g l e t s  pe r s ow weaned , and t h e  c o n t r o l  had 9 . 3 2 p i g l e t s  
pe r s ow .  Th e r e  was a h i gh s i g n i f i c an t d i f fe r e n c e  i n  t h e  
numbe r o f  p i g l e t s  to wean b e t w e e n  year s , 1 9 8 6  had 9 .  8 1  
p i g l e t s  pe r s ow wh i l e 1 9 8 7  had 9 . 2 6 p i g l e t s  pe r s ow . Th e 
l ow e r  p i g l e t numb e r s  c ou l d  be accounted f o r  i n  1 9 8 7  f rom 
t h e  fac t that s ome p i g l e t s  had TOE ( t ransm i s s i b l e g a s t ro ­
e n t e r i t i s ) a n  i n t e s t i na l  d i s e a s e , wh i ch c a u s e d. a few t o  
d i e  o r  b e  r emoved t o  b e  t r e ated f o r  t h e  s i ck n e s s . Th i s  
d i s ea s e  c o u l d  a l s o be a c au s e  f o r  any dec � ea s e s  i n  p i g l e t  
we i g h t  ga i n s . An o t h e r  fac t o r  c ou l d  be t empe ra t u r e s  
be twe en t h e  t w o  y e a r s , 1 9 8 6  w a s  c o o l e r · t h a n  1 9 8 7  s o  w i th 
l e s s  h e a t  s t r e s s  on the s ows and l i t t e r s , be t t e r  p i g l e t · 
numbe r s  may be ob t a i ned . 
T.h e  p i g l e t  remova l du r i ng l ac t a t i on wa s . n o t  
s i g n i f i c ant l y  d i f fe r ent be tween p i g l e t s  re mo v ed f r om t h e  
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d r i p c oo l ed , s n ou t c o o l ed , o r  c on t r o l r o om s . Th e d r i p  
co o l ed r o om s  h a d  1 . 2 4 p i g l e t s  per s ow removed , t h e  s no u t  
c o o l ed r ooms had 1 .  1 4  p i g l e t s  per s ow r emoved , and the 
cont r o l  r o om had 1 . 0 6 p i g l e t s  pe r s ow r emoved . P i g l e t  
remo va l be twe e n  1 9 8 6  and 1 9 8 7  was f ound to be h i g h l y  
s i gn i f i c an t l y  d i f fe re n t . P i g l e t s  r emoved per s ow i n  1 9 8 6  
was 0 . 8 3 ,  and 1 . 4 7 f o r  1 9 8 7 , wh i ch po s s i b l y c ou l d  b e  due 
to the TGE p r ob l em of 1 9 8 7  and t he warme r s umme r o f  1 9 8 7 . 
S ow R e spi ra t i o n  Re spon s e : 
Res p i r a t i on r a t e  and rec tal tempe r a t u r e s  a r e  t h e  
mos t f r.e q u e n t l y  u s ed i nd i c a t i on s  o f  h e a t  s t r e s s  ( L i pper 
and Mc G i n t y , 1 9 6 1 ) . Ro l l e r  and Go l dman ( 1 9 6 9 ) f ound 
r e s p i rat i on ra t e s  can i nc r e a s e  2 0 - fo l d  f r om n o rma l unde r 
h i g h - t empe r a t u r e  expo s u re . The be s t  ove ra l l f o rmu l a  f o r  
repr e s e n t a t i on o f  the · expo s u re t i me t o  ac u t e  h ea t  s t r e s s  
wa s the " we t  bu l b , d r y  bu l b  i ndex " ( i . e .  t empe ra t u r e -
hu m i d i ty i ndex ) .  Th e t empe rature - humi d i t y  i nd e x  was 
de f i ned a s  0 .  2 5  t i me s  the wet bu l b  t empe r a t u r e  . p l u s  0 .  7 5 
t i me s t h e  d r y  bu l b  t empe r a t u r e  ( Ro l l e r  and Go l dman , 1 9 6 9 ) . 
Re s p i ra t i on s  we r e  taken wh en r o om t empe r a t u r e s  we r e  
2 3 . 9  C ( 7 5 F )  o r  above , t h u s  t h e  s n o u t  c oo l i n g s ys t em was 
opera t i ng . Re s p i rat i on r a t e s  were f o und t o  be h i gh l y  
s i g n i f i c an t l y  d i f f e r en t  be tween d r i p  c o o l ed , s n o u t  c o o l ed , 
----....._ . 
and c o n t r o l  s ows . The dr i p  c o o l ed s ows had a l ea s t  s qu a r e  
mean o f . 5 5 . 8  b r e a t h s p e r  m i n ute . S n o u t  c oo l ed s ow s  had a 
l eas t s qu a r e  m e a n  o f  6 8 . 1 breath s  per m i n u t e . C o n t r o l  
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s ows had a l ea s t  s quare mean o f  9 3 . 9  b r e a t h s  pe r m i nu t e  
( Append i x  C . l - 3 ) . 
Th e t empe r a t u r e - h um i d i ty i ndex e s  we r e  c a l cu l a t e d  and 
pl o t t ed v e r s u s  r e s p i ra t i on ra t e s  for the t h r e e t r ea tm e n t s  
( F i g u r e  4 - 7 ) . Po l ynomi a l  r e g r e s s i on s  we r e  pe r f o rm e d  o n  
the d a t a  f rom t h e  dr i p  c o o l ed , s n o u t  c o o l ed , a n d  c on t r o l  
rooms t o  pred i c t  s ow res p i rat i on r a t e s . Th e ana l y s i s  o f  
va r i an c e  i n d i c a t e d  that t reatme n t s  ( con t r o l , s n o u t  c q o l , 
and d r i p  c o o l ) ,  tempe r a t u re - h um i d i t y  i nd e x , and 
tempe ratu r e - h um i d i t y i ndex 
a f fe c t ed s ow r e s p i rat i on 
s qu!l r e d , h i g h l y  
r a t e s  ( Append i x  
s i g� i f i c a n t l y  
D .  5 )  • On e 
r e g r e s s i on e qua t i on w i th th r e e  d i f f e r e n t  i n t e rc e p t s  wa s 
fo und t o  d e s c r i be s ow r e s p i rat i on ra t e s  f r om d r i p  c o o l ed , 
snout c o o l ed , and c on t r o l  r o oms w i th a r � = 0 . 5 3 3 . Th e 
r e g r e s s i on l i ne s  we r e  p l o t t ed to s h ow an i nc r e a s e i n  sow 
r e s p i rat i on r a t e s  wi t h  an i nc r e a s e  i n  t h e  tempe ra t u r e ­
hum i d i t y  i ndex f o r  t h e  s ows f r om t h e  d r i p  c o o l e d , s no u t  
c o o l ed , a n d  c o n t r o l  r o o m s  ( F i gu r e  7 ) . 
The d r i p  c o o l ed s ows h ad t h e  l owe s t  r e s p i r a t i on 
r a t e s  o f  t h e  t h r e e , th e s n out c o o l ed s ows r e s p i r a t i on 
ra t e s  we r e  i n  t h e  m i dd l e , and t h e  c on t r o l  r o om s ows had 
the h i gh e s t  r e s p i r a t i o n r a t e s , wh i 6h wou l d  i nd i ca t e  
i nc re a s ed s ow c om f o r t  d u e  t o  d r i p  c oo l i ng and s n o u t  
c oo l i ng . The d r i p  c oo l ed s ows c o u l d  have b e e n  more 
c om fo r tab l e than the snout co o l ed s ows becaus e d r i p  wa t e r  
w a s be i ng p l ac ed d i r ec t l y  o n  t h e  s ow f o r  fu l l  c o o l i n g 
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po ten t i a l , wh i l e t h e  e n t i re . s t r eam o f  a i r  f o r  s no u t  
c o o l i ng wa s n o t  a l l r e s pi red , thus s ome c o o l i ng c apac i t y 
was n o t  u s ed b y  t h e  a n i ma l . Wa t e r  evapo ra t i o n o f f  o f  t h e  
n e c k  and s h o u l d e r  a r e a  c o u l d  h a v e  c r e a t e d  a be t t e r  
ph ys i o l og i c a l  r e s po n s e  than r e s p i r i ng t h e  c o o l ed a i r . Th e 
l owe r i ng o f  t h e  r e s p i r a t i on r a t e s  due t o  c oo l i ng s y s t ems 
wou ld i nd i c a t e  g re a t e r  s ow comfo r t , u l t i ma t e l y  w i th 
g r e a t e r  c omf o r t  t h e  s ow fe l t  be t t e r , bu t i nc r ea s ed 
per fo rman c e  o f  t h e  s ow s  o r  p i g l e t s we re n o t  found . 
Re s u l t s  o f  t h i s  two - ye a r  s tudy w e r e  n o t  t o o  
d i f fe r e n t  than t h e  t h r e e - year s t udy pe r f o rmed b y  H ea rd 
( 1 9 8 5 ) . Th e ma i n  a r e a s  o f  d i f f e r enc e b e t w e e n  t h i s  
res earch and p r e v i o us r e s earch we r e  s ow f e ed c o n s umpt i on 
and pi g l e t  we i gh t  g a i n  t o  wean . From pre v i o u s  r e s e a r c h , 
s nout co o l i n g i nc r e a s ed s ow feed c o n s umpt i on b y  f i v e  
pe rcent f o r  t h e  e n t i r e c o l l ec t i on o f  s ows and e i g h t  
p e rc e nt f o r  t h o s e  s ow s  that expe r i e n c ed at l e a s t  t h r e e  
days o f  2 6 . 7  C ( 8 0  F )  , o r  h i gh e r  ave rage o u t s i de 
temperature ( H e a rd , 1 9 8 5 ) . Snout c oo l i ng i nc r ea s ed p i g l e t  
ave rage da i l y  we i g h t  g a i n  dur i ng l ac ta t i on b y  f i ve p e r c e n t  
for the e n t i r e c o l l ec t i on o f  p i g l e t s  ( H e a rd , 1 9 8 5 ) . T h e  
pre s e n t  two - ye a r  s tudy h ad no s i gn i f i c �nt d i f f e r e nc e s  i n  
/ 
s ow feed c o n s umpt i on o r  p i g l e t  we i gh t  g a i n  t o  wean . . 
S i m i l a r r e s u l t s  we r e  f ound i n  t h e  o th e r  sw i n e  pe r f o rman c e  
va r i abl.e s . B o th s t ud i e s found t hat t h e  c o o l i n g s y s t e ms 
s i g n i f i c a n t l y  r e d u c e d  s ow r e s p i r a t i on r a t e s , i n d i c a t i n g 
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i nc r e a s ed sow com f o r t  du e t o  the c oo l i ng s y s t em s . 
H e a t  and M o i s t u r e  Ba l anc e s : 
H e a t  and mo i s t u r e  ba l anc e s  ( i n s t an t a n e ou s ) we r e  
pe r fo rmed on da t a  f r om t h e  t h r e e  r oom t ype s : d r i p  c o o l , 
snout c o o l , and c on t r o l  t o  obs e rv e  c o o l i ng s ys t e m  e f f e c t s . 
Parame t e r s  u s ed f o r  ba l an c e s w e r e : exhaus t c o nd i t i ons , 
i n l e t c ondi t i on s  ( re f e r red t o  as o u t s i de c o nd i t i on s ) ,  
an i ma l  h e a t  and mo i s tu re , e qu i pment h e a t , a i r c o nd i t i on i ng 
h e a t  and mo i s tu r e , d r i p  c oo l i ng heat and mo i s t u r e , and 
m i s c e l l aneous h ea t  and m o i s tu r e  ( bu i l d i ng c onduc t i on , p i t 
c ond i t :l on s , e tc . ) ( S e e  F i gu r e  2 ) . The bu i l d i ng s u r fac e 
wa s a s s um ed t h e  bounda r y  f o r  h e a t  and mo i s tu r e  ba l an c e s . 
The r e f e rence f o r  t h e  p s yc h r ome t r i c  cha r t  w a s  a n  e n t h a l py 
o f  d r y  a i r and s a t u r a t ed l i qu i d  e qua l to z e r o  a t  - 1 7 . 8  C 
( 0  F )  and 0 C ( 3 2 F ) i r e s pe c t i v e l y . A r r ows po i n t i n g i n to 
t h e  r o om i nd i c a t e d  heat and mo i s ture add i t i on s , and a r rows 
l e av i ng the barn i nd i c a t ed heat and mo i s tu r e  remova l . 
Th r e e  days we r e  u s ed f o r  t h e  obs e rva t i on s .: J un e  1 6 , 
1 9 8 7 , Ju l y  7 ,  1 9 8 7 , and J u l y 2 9 , 1 9 8 7  ( Tabl e s  7 - 9 ) . June 
1 6 , 1 9 8 7  had an o u t s i de tempe r a t u r e  o f  3 2 . 8  C ( 9 1 F )  and 
4 8  pe rcen t r e l a t i ve hum i d i t y . A fan f r o m  r o o m  o n e · ( a  
snout c oo l ed r o om ) e x h au s t ed a i r at 3 1 . 1  C ( 8 8 F )  and 5 2  
percent re l a t i ve h um i d i t y a t  a f l ow r a t e  o f  8 2 . 2  m 3 /m i n  
( 2 9 0 6  c fm ) . T e m p e ra t u r e  e n t e r i ng the r o om f r om t h e  a i r  
c o nd i t i o n i ng u n i t  ( s n o u t  c o o l i ng ) was 1 7 . 4  C ( 6 3 . 3  F )  at 
8 8 pe rc e n t  r e l a t i v e h u m i d i t y  w i th a f l ow r a t e  of 5 . 9 
5 0  
Tab l e  7 .  H e a t  and mo i s tu r e  ba l ance da t a  f o r  J u n e  1 6 , 1 9 8 7  
Room 1 ( s c )  H e a t  F l ow ( w )  P e rc e n t  ( " ) 
qex = 1 3 5 , 1 0 0 . 0  1 0 0 . 0  
q i n = 1 2 7 , 6 0 0 . 0  9 4 . 4  
qan = 2 , 6 6 9 . 0  2 . 0  
qsup = 0 . 0  o .- o  
qac = 7 , 4 5 5 . 0  5 . 5  
qm i s c = - 2 , 5 7 4 . 0  - 1 . 9  
Room 3 ( c on t ro l ) 
qex = 1 3 7 , 8 0 0 . 0  1 0 0 . 0  
q i n  = 1 3 7 , 5 0 0 . 0  9 9 . 8  
qan = 3 , 6 0 5 . 0  2 . 6 
qsup = 0 . 0  o . o  
qm i s c = - 3 , 3 3 9 . 0  - 2 . 4  
Room 5 ( dr i p )  
qex = 1 4 3 , 0 0 0 . 0  1 0 0 . 0  
q i n  = 1 4 2 , 7 0 0 . 0  9 9 . 8  
qan = 3 , 1 3 7 . 0  2 . 2  
qsup = 1 2 4 . 6  0 . 1 
qdr i p  = 6 7 . 5  0. 1 
qmi s c = - 3 , 0 5 4 . 0  - 2 . 1  
Tab l e  7. ( c ont i nu e d ) 
Room 1 ( s c )  M o i s t u r e  
W e x  = 
W i n  = 
Wan = 
Wac = 
Wm i sc = 
R o om 3 ( c o n t ro l ) 
Wex = 
W i n  = 
Wan = 
Wmi s c  = 
Room 5 ( dr i p ) 
Wex = 
W i n  = 
Wan = 
Wdr i p  = 
Wm i sc = 
5 1  
F l ow ( kg / h ) Pe rc e n t  ( % ) 
8 2 . 6  1 0 0 . 0  
7 6 . 7  9 2 . 8  
1 . 9 2 . 3  
4 . 6  5 . 6  
- 0 . 6  - 0 . 8  
8 4 . 3  1 0 0 . 0  
8 2 . 9  9 8 . 4  
2 . 6  3 .  1 
- 1 . 2  - 1 . 5  
8 7 . 5  1 0 0 . 0  
8 5 . 8  9 8 . 1  
2 . 3  2 . 6  
2 . 4  2 . 8  
- 3 . 0  - 3 . 4  
5 2  
Tab l e  8 .  H e a t  and mo i s t u r e  bal ance data f o r  J u l y  7 ,  1 9 8 7  
R o o  1 ( s c )  H e a t  F l ow ( w ) Pe r c e n t  ( % )  
q e x  = 1 3 0 , 5 0 0 . 0  1 0 0 . 0  
q i n  = 1 1 8 , 4 0 0 . 0  9 0 . 7  
qan = 3 , 6 0 5 . 0  2 . 8 
q s u p = 8 6 5 . 0  0 . 7  
qac = 6 , 7 5 5 . 0  5 . 2  
qm i s c = 8 5 5 . 5  0 . 7  
R o o  a 3 ( c ont r o l ) 
qex = 1 2 6 , 7 0 0 . 0  1 0 0 . 0  
q i n  = 1 2 0 , 0 0 0 . 0  9 4 . 7  
qan = 3 , 1 3 7 . 0  2 . 5  
qsup = 9 9 0 . 0  0 . 8  
qa i sc = 2 , 6 0 0 . 0  2 .  1 
Roo 4 ( dr i p ) 
q e x  = 1 2 8 , 5 0 0 . 0  1 0 0 . 0  
q i n  = 1 2 4 , 3 0 0 . 0  9 6 . 7  
qan = 2 ; 6 6 9 . 0  2 .  1 
q s up = 8 6 5 . 0  0 . 7  
qd r i p  = 5 9 . 5  0 . 1 
qa i s c = 5 9 4 . 9  0 . 5  
Tab l e  8 .  ( c on t i nued ) 
Room 1 ( s c )  Mo i s t u r e  
W e x  = 
W i n  = 
Wan = 
Wac = 
Wm i sc = 
Room 3 ( c o n t r o l ) 
Wex = 
W i n  = 
Wan = 
Wm i s c = 
Room 4 ( dr i p ) 
W e x  = 
W i n  = 
Wan = 
Wdr i p  = 
Wm i s c = 
5 3  
F l ow ( k g / h ) P e r c e n t  { % )  
8 3 . 6  1 0 0 . 0  
7 4 . 1  8 8 . 7  
2 . 6  3 .  1 
3 . 7  4 . 5  
3 .  1 3 . 7  
8 1 . 1  1 0 0 . 0  
7 5 . 2  9 2 . 7  
2 . 3  2 . 8 
3 . 6  4 . 5  
8 3 . 1  1 0 0 . 0  
7 7 . 8  9 3 . 6  
1 . 9  2 . 3  
2 . 3  2 . 7  
1 . 1 1 . 3 
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Tab l e  9 .  H e a t  and mo i s tu r e  ba l ance data f o r  J u l y 2 9 , 1 9 8 7  
Room 1 ( s c )  Heat F l ow ( w )  Percent ( " ) 
qex = 1 2 3 , 1 0 0 . 0  1 0 0 . 0  
q i n  = 1 1 0 , 4 0 0 . 0  8 9 . 6  
qan = 3 , 6 0 5 . 0  2 . 9  
qsup = 8 9 3 . 0  0 . 7  
qac = 9 , 5 5 3 . 0  7 . 8  
qm i sc = - 1 , 2 8 6 . 0  - 1 . 1 
Room 3 ( c on t r o l ) 
qex = 1 2 0 , 7 0 0 . 0  1 0 0 . 0  
q i n  = 1 1 7 , 9 0 0 . 0  9 7 . 7  
qan = 2 , 6 6 0 . 0  2 . 2  
qsup _ = 5 1 8 . 0  0 . 4  
qm i sc = - 3 8 3 . 7  - 0 . 3  
Room 4 ( dr i p ) 
qex = 1 3 3 , 8 0 0 . 0  1 0 0 . 0  
q i n  = 1 3 4 , 6 0 0 . 0  1 0 0 . 6  
qan = 2 , 6 6 9 . 0  2 . 0  
qsup = 2 6 8 . 0  0 . 2  
qdr i p  = 6 9 . 0  0 .  1 
qm i s c  = - 3 , 7 4 7 . 0  - 2 . 8  
Tab l e 9 .  ( c o n t i nued ) 
Room 1 ( s c )  Mo i s tu r e  
Wex = 
W i n  = 
Wan = 
Wac = 
Wm i s c = 
R oom 3 ( c o n t r o l ) 
W e x  = 
W i n  = 
Wan = 
Wm i s c  = 
Room 4 ( d r i p ) 
W e x  = 
W i n  = 
Wan = 
Wdr i p  = 
Wm i s c = 
5 5  
F l ow ( kg / h ) P e rc e n t  ( % )  
8 6 . 5  1 0 0 . 0  
7 4 .  1 8 5 . 7  
2 . 6  3 . 0  
6 . 7  7 . 8  
3 .  1 3 . 5  
8 5 . 8  1 0 0 . 0  
7 9 . 2  9 2 . 3  
1 . 9  2 . 2  
4 . 7  5 . 5  
9 4 . 6  1 0 0 . 0  
9 0 . 4  9 5 . 5  
1 . 9 2 . 0 
2 . 3  2 . 4  
0 . 0  0 . 0  
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ml /m i n  ( 2 1 0  c fm ) . 
The e x h au s t  f an r emoved 1 3 5 , 1 0 0 W ( 4 6 1 , 1 0 0 B t u / h ) o f  
heat f r om t h e  r o om . Th i s  val ue was a s s umed t o  b e  1 0 0 
pe rcent o f  t h e  t o t a l  h e a t  re moved . T h e  i n l e t  ( i � e .  
ou t s i de a i r )  a i r  added 1 2 7 , 6 0 0  W ( 4 3 5 , 3 0 0  B t u / h ) o f  
heat t o  
add i t i on . 
. t h e  r o om 
I n l e t a i r  
wh i ch was 
was drawn 
9 4  pe r c e n t  of t h e  h ea t  
i n  due to t h e  n e ga t i ve 
pr e s s u r e  c re a t e d  by t h e  exhau s t  fan . The a i r  c ond i t i on i n g  
un i t  added 7 , 5 0 0  W ( 2 5 , 4 4 0 B t u / h ) o f  h e a t  t o  t h e  r oo m  o r  
about 5 . 5  p e r c e n t  o f  t h e  t o t a l . 
Th e e x h au s t  m o i s ture f l ow f o r  J u n e  1 6 , 1 9 8 7  f rom 
r oom one exhau s t  was 8 2 . 6  k g  ( 1 8 2 . 2  l b ) wa t e r  pe r h o u r , 
aga i n  a s s umed t o  be 1 0 0 pe r c e n t  o f  t h e  t o t a l  mo i s t u r e  
removed f r om t h e  r o om . The o u t s i de a i r  added 7 6 . 7  k g  
( 1 6 9 . 1 l b ) wa t e r  
t o ta l added . The 
pe r · h o u r  wh i ch wa s 9 2 . 8  p e r c e n t  of the 
a i r c ond i t i on i n g  added 4 . 6 k g  ( 1 0 . 2  l b ) 
wat e r  pe r h o u r  o r  5 . 6  p e r c e n t  o f  t h e  t o t a l . 
Room f i v e wh i c h had dr i p  c o o l i ng wa s a l s o  m o n i t o r e d  
on June 1 6  , 1 9 8 7 . 
s ame a s  r o om o n e . 
The ou t s i d e  a i r  c on d i t i on s  w e r e  t h e  
T h e  exhau s t  c o nd i t i on s  we r e  3 2 . 2  C ( 9 0 
F )  at 5 0  p e r c e n t  r e l a t i ve hum i d i t y . H e a t  r emoved t h r ough 
the exhau s t  a i r  was 1 4 3 , 0 0 0  W ( 4 8 7 , 9 0 0  B t u / h ) .  O u t s i de 
heat added wa s 1 4 2 , 7 0 0  W ( 4 8 7 , 0 0 0  B t u / h ) o r  9 9 . 8  p e r c e n t . 
o f  the t o t a l  h e a t  added . The dr i p  wa t e r  on l y  add e d  6 7  W 
( 2 3 0 . 4  . B t u / h ) o f  h ea t  wh i c h  was a me r e  0 . 1 pe r c e n t  o f  t h e  
t o tal add ed o r  n e g l i g i b l e  amoun t . . 
F r om t h e  mo i s tu r e  ba l a n c e  i n  r o o m  f i ve , 
5 7  
8 . 8  k g  
( 1 9 2 . 9  l b ) o f  wat e r  was be i ng r emoved pe r h o u r  t h r ou g h  t h e  
e xhau s t  f an . T h e  ou t s i de a i r i n t r oduc e d  8 5 . 8  k g  ( 1 8 9 . 2  
l b ) wa t e r  p e r  h ou r  o r  9 8  p e r c e n t  o f  t h e  t o t a l  added t o  t h e  
r oom . T h e  d r i p s ys t em supp l i ed 2 . 4  kg ( 5 .  4 l b ) wat e r  p e r  
h o u r  wh i c h  wa s 2 . 6  p e r c e n t  o f  th e t o t a l  added . 
Ju l y  7 ,  1 9 8 7  wa s t h e  n e x t  d a y  u s ed f o r  t h e  
obs e rva t i on o f  t h e  r ooms . T h e  ou t s i d e  t empe r a t u r e  was 
2 7 . 2  c ( 8 1 F )  and 6 3  p e r c e n t  r e l a t i ve hum i d i t y . Th i s  
day ' s t empe r a t u r e  was 5 . 6  C ( l O F )  l ow e r  than J un e  6 and 
the r e l a t i ve h um i d i ty was 1 5  p e r c e n t  l owe r . Room o n e  had 
exhau s t  c on d i t i o n s  of 2 7 . 2  C ( 8 1 F )  and 6 5  pe r c e n t  
r e l a t i ve hum i d i t y . Exhau s t  h e a t  f l ow wa s 1 3 0 , 5 0 0  W 
( 4 4 5 , 2 0 0  B t u / h ) .  Out s i de h ea t  f l ow c om i n g i n  was 1 1 8 , 4 0 0  
W ( 4 0 4 , 0 0 0  B t u / h ) .  The a i r c ond i t i on i ng added 6 ,  7 0 0 W 
( 2 3 , 0 5 0  B t u / h ) o f  h ea t  a t  1 6 . 7  C ( 6 2 F ) and 7 4  pe r c e n t  
r e l a t i v e h um i d i t y . T h e  ou t s i de h ea t  f l ow c om i n g  i n  wa s 
9 0 . 7  p e r c e n t  o f  the t o t a l  wh e r e  t h e  a i r  c o nd i t i o n i ng 
s ys t em added 5 . 2  p e r c e n t . 
The mo i s tu r e  r emoved by t h e  exhau s t fan i n  r o om o n e  
w a s  8 3 . 6  k g  ( 1 8 4 . 3  l b ) wa t e r  pe r h ou r � T h e  o u t s  i d e · a i r  
added 7 3 . 0  k g  ( 1 6 3 . 5  l b ) wa t e r  pe r h ou r , 8 8 . 7  p e rc e n t o f  
t h e  t o t a l . T h e  a i r  c o nd i t i on i ng added 3 . 7  kg ( 8 . 2  l b ) 
wa t e r  pe r h ou r  o r  4 . 5  pe r c e n t  o f  t h e  t o t a l . 
Room f o u r  wa � u s ed f o r  t h e  dr i p  r o om c ond i t i o n s  on 
J u l y  7 ,  1 9 8 7 . T h e  o u t s i d e  t empe ratur e and h u m i d i t y w e r e  
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the same a s  r oom o n e . T h e  exhau s t  a i r  c on t a i ned 1 2 8 , 4 0 0 W 
( 4 3 8 , 3 0 0  B t u / h ) h ea t  a t  a t empe r a t u r e  o f  2 7 . 5  C ( 8 1 . 5  F )  
and 6 5 . 5  pe r c e n t  r e l a t i ve h um i d i ty . T h e  exhau s t  c on d i t i on 
be i ng 2 7 . 5  C ( 8 1 . 5 F )  i nd i cated t h e  dr i p  s y s t e m  was 
operat i ng . T h e  d r i p  s y s t em was s et t o  beg i n  d r i pp i n g  a t  
2 6 . 7  C ( 8 0 F ) . S i nc e  r e ad i ng s  we r e  tak en be f o r e  1 2  n o o n , 
the dr i ppe r s ys t e m  was i n  o p e rat i on f o r  approx i ma t e l y  0 . 5  
h our , wh i ch was a s s umed to be enough t i me f o r  r oom 
tempe r a t u r e  and h um i d i t y t o  s tab i l i z e . T h e  ou t s i de a i r  
added 1 2 4 , 2 0 0  W ( 4 2 4 , 0 0 0  B t u / h ) _ wh i ch wa s 9 6 . 7  p e r c e n t  o f  
the t o t a l . T h e  d r i p  s ys tem on l y  added 5 9  W ( 2 0 2 . 9  B t u / h ) ,  
0 . 1 pe rcen t o f  t h e  t ota l wh i ch wa s n eg l i g i b l e . 
Th e mo i s t u r e  ba l an c e  i n  r o om f o u r  had 8 3 . 1  k g  ( 1 8 3 . 2  
l b ) wa t e r  pe r h o u r  l e av i n g th rough t h e  exhau s t  fan . The 
ou ts i d e  a i r wa s add i ng · 7 7 . 8  kg ( 1 7 1 . 5  l b ) , 9 3 . 6  pe r c e n t  of 
the t o t a l . T h e  d r i p  s ys t em added 2 . 3  k g  ( 5  l b )  wa t e r  pe r 
hour at 2 . 7  pe r c e n t  o f  t h e  t o ta l . 
the same amo u n t  o f  wa t e r  as J une 6 .  
Th e dr i p  s ys t em added 
J u l y  
T h e  
2 9 , 
h um i d i ty 
l as t  day u s ed for obs e rva t i ona l 
1 9 8 7 . The o u t s i de t empe r a t u r e  
w e r e  3 3 . 5 c ( 9 2 . 2  F )  and 
pu rpo s e s  was 
and re l a t i ve 
5 7  pe r c e n t , 
r e s pe c t i v el y . Th e o u t s i de a i r  added 1 1 0 , 4 0 0  W ( 3 7 6 , 5 0 0 
a t u/h ) h e a t  t o  t h e  r o o m , 8 9 . 6  pe r c e n t  o f  t h e  t o t a l  f o r  
r- o om on e . T h e  exhau s t  a i r e x i t i n g r o om o n e  was a t  3 1 . 9  C 
' 8 9 . 5  F )  and 6 5  pe r c e n t  r e l a t i v e  h um i d i t y , h e a t  removed 
�as 1 2 3 , 1 0 0 W ( 4 2 0 , 10 0  B t u / h ) . The a i r  c o nd i t i o n e r  
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s u pp l i ed a i r  a t  2 3 . 9  C ( 7 5  F )  and 8 7  pe r c e n t  r e l a t i ve 
h um i d i t y , w i t h  h ea t  added a t  9 , 6 0 0  W ( 3 2 , 5 9 0  B t u / h ) o r  
7 .  8 pe r c e n t  o f  t h e  t o t a l . The h e a t  added by t h e  a i r 
c on d i t i on i ng s y s t e m  wa s h i gh e s t  on th i s  day wh i c h  c o u l d  be 
pa r t i a l l y  du e to a h i g h ou t s i de amb i en t  t empe rat u r e , t h u s  
a s ma l l e r  t empe r a t u r e  drop a c r o s s  t h e  e vapo r a t o r  c o i l . 
Th e mo i s t u r e  l eav i ng t h r ough the exhau s t  fan f o r  
r o om o n e  wa s 8 6 . 5  k g  ( 1 9 0 . 7  l b ) p e r  h o u r . T h e  o u t s i de, a i r 
added 7 4 . 1  k g  ( 1 6 3 . 4  l b ) wat e r  pe r h o u r , 8 5 . 7  p e r c e n t  o f  
t h e  t o t a l . T h e  a i r  c ond i t i oQ i ng added 6 .  7 k g  ( 1 4 . 8  1 b )  
wa t e r  pe r h o u r , 7 .  8 pe r c e n t  o f  t h e  t o t a l . T h e  mo i s t u r e  
added by t h e  a i r  c ond i t i on i ng s ys t em w a s  h i g he s t  on th i s  
day wh i c h c o u l d  be pa r t i a l l y  du e t o  t h e  s m a l l e r  
t empe r a t u r e  d r o p  ac r o s s  t h e  e vapo r a t o r  c o i l , t h u s  n o t  
r emov i ng a s  muc h wa t e r  a s  p r e v i ou s  days . 
Room f o u r  wa s u s ed a s  the dr i p  s i t u a t i on f o r  J u l y  
2 9 , 1 9 8 7 . Th e e x h a u s t  a i r  t empe ratu r e  wa s 3 0 . 8  C ( 8 7 . 5  F )  
wi t h  6 8 . 5  p e r c e n t  r e l a t i ve h um i d i t y . H e a t  be i n g  r emoved 
was 1 3 3 , 8 0 0  W ( 4 5 6 , 7 0 0 B t u / h ) .  The ou t s i de a i r  w a s  add i ng 
h e a t  t h r o u g h  t h e  i n l e t a t  1 3 4 , 6 0 0  W ( 4 5 9 , 2 0 0  B t u / h ) wh i ch 
wa s 1 0 0 . 6  pe r c e n t  o f  t h e  t o t a l . Th i s  i n d i c a t e s  t h a t  t h e  
r oom was h ea t i ng u p  wh e n  t h e  read i n g s  we r e  tak e n , · th i s  
c o u ld have b e e n  due t o  tak i ng the r e ad i n g s  pr i o r t o  1 2  
n oon , t empe ra t u r e s  i n  the r o om we re c on t i nu i n g t o  r i s e . 
Th e dr i p  wat e r , was aga i n  add i n g a v e r y  sma l l  am ount o f  
h eat due t o  t h e  wa t e r , 6 9  W ( 2 3 5 . 5  B t u / h ) wh i c h was o n l y  
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0 . 1  p e r c e n t  o f  t h e  t o t a l . 
T h e  m o i s tu r e  ba l anc e f o r  t h e  dr i p  r o om g av e  r e s u l t s  
s i mi l a r  t o  p r e v i o u s  days . T h e  exhau s t  f a n  wa s remov i ng 
9 4 . 6  k g  ( 2 0 8 . 6  l b ) wa t e r  per h ou r . T h e  o u t s i d e a i r wa s 
add i ng 9 0 . 4  k g  ( 1 9 9 . 3  l b ) wate r pe r h o u r , 9 5 . 5  pe r c e n t  o f  
the t o t a l  m o i s t u r e  add i t i on . Th e dr i p  s ys t em adde d  2 . 3  kg 
( 5 . 0  l b ) wa t e r  pe r h ou r , 2 . 4  percent of the t o t a l . 
Ove r a l l ,  t h e  range o f  heat adde d  by t h e  a i r  
c ond i t i on i ng s ys t em was 5 . 2  percent t o  7 . 8  pe r c e n t  o f  t h e  
tota l . T h e  h e a t  wh i ch t h e  dr i p  s ys t em a d d e d  was i n  the 
ne i ghbo r h o od o f  0 . 1 percent f o r  t h e  three days . T h e  h e a t  
added t o  t h e  d r i p  r ooms was a sma l l  pe r c e n t  b e c au s e  t h e  
amoun t o f  wa t e r  a d d e d  w a s  sma l l ,  a n d  t h e  h e a t i ng va l u e o f  
wat e r  was s m a l l .  T h e  h e a t  added by b o t h  s ys tems w a s  sma l l  
compa red t o  t h e  l a rg e  amoun t due t o  t h e  o ut s i de a i r .  Th e 
h eat added due t o  t h e  an i ma l s  ranged f r om 2 .  0 t o  2 .  9 
pe rcent . An i ma l  h ea t  g a i n  c ompa red t o  t h e  t o t a l was l ow 
becau s e  o f  t h e  s umme r  v e n t i l a t i on ra t e s  be i ng h i gh . 
Th e mo i s tu r e  r a n g e  i n  wh i c h  t h e  a i r  c ond i t i o n i ng 
s y s tem added was 4 . 5  pe r c e n t  to 7 . 8 pe r c e n t  o f  t h e  t o t a l . 
Th e mo i s t u r e  a d d e d  by t h e  d r i p  s ys t em . r a n g e d  f r om · 2 .  4 
percent t o  2 .  8 pe r c e n t  o f  t h e  t o t a l  wa t e r  adde d  f o r  t h e  
three days . T h e  d r i p  h a s  l owe r p e r c e n t a g e s  d u e  to a f e w  
d i f f e r e n t  fac t o r s . D r i p  wa t e r  wa s added i n  l i qu i d  f o rm , 
whereas the 
vapor i z ed .  
a i r  · c ond i t i on i ng mo i s tu r e  wa s 
The d r i p  w a t e r  had · t o  be vapor i z e d  
a l r e ady 
i n  t h e  
6 1  
r oom , t h e  vapo r i z at i on wou l d  be depende n t  upon a i r 
v e l oc i t y ac r o s s  t h e  wa t e r , vapor p r e s s u r e  o f  t h e  a i r ,  and 
t empe r a t u r e s  of the wa t e r  and a i r . Th e d r i p  s y s tem was 
s e t  to c ome o n  a t  a h i gh e r  amb i e n t  t empe r a t u r e  than t h e  
a i r  c o nd i t i on i ng s ys t em , t h u s  mo r e  to t a l  wa t e r  c ou l d  be 
added by the a i r c o nd i t i on i ng u n i t  d u e  t o  a l on g e r  
ope ra t i on pe r i od du r i ng t h e  day . 
Th e f l ow o f  mo i s t u r e  f r om 
c o n t ro l l ed t o  avo i d  we t t i ng t h e  
t h e  d r i p  
f l oo r  o f  
s y s tem . wa s 
t h e  c r a t e s  
th e r eby p r ev e n t i ng p i g l e t _ d i s e a s e  a n d  ch i l l i ng .  
I n i t i a l l y ,  w h e n  t h e  d r i p  s y s t em was i n s ta l l ed , i t  wa s s e t  
t o  d r i p  t h r e e  m i n u t e s o u t  o f  t h i r t e en . Th i s  s e t t i ng 
c re a t ed mo i s tu r e  p r ob l ems i n  t h e  c ra t e s . T h e  s ows w e r e  
n o t  dr y i n g  o f f , t h e  f l o o r  o f  t h e  c ra t e s  w e r e  c on t i n uou s l y  
we t , and due t o  t h e  c ond i t i on s , t h e  p i g l e t s  became we t 
caus i ng s c o u r  p r o b l ems . T h e  s y s t em was adj u s t ed t o  
var i ou s  l e v e l s  un t i l  p r o p e r  ope ra t i on oc c u r r ed wh e r e  on l y  
t h e  s ows w e r e  we t t e d and t h e  r e s t  o f  t h e  c r a t e  a r e a  
rema i n ed d r y . T h e  f i n a l  s e t t i �g s  we r e : a c t ua t i on 
t empe ra t u r e  o f  2 6 . 7 C ( 8 0  F ) , s h owe r t i m e  o f  6 s ,  and 
i n t e rva l t i m e of 1 4  m i n . 
An i ma l  mo i s t u r e  f l ow ranged f r om 2 . 0 t o  3 . 1 pe rcen t 
o f  t h e  t o t a l . An i ma l  mo i s t u r e  f l ow was app r o x i ma t e l y  t h e  
s ame as wa t e r  added by t h e  dr i p  s y s t em , a n d  abo u t  h a l f o f  
th e wa t e r  adde d  by t h e  a i r c o nd i t i o n i ng s ys t em . 
C a l c u l a t i o n s  we re pe r f o rmed t o  de t e rm i n e  t h e  c oo l i n g  
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capac i t y o r  t h e  amo unt o f  h e a t  r emo ved f r om t h e  o u t s i de 
a i r by t h e  a i r  c ond i t i on i ng un i t , t h e  u n i t  wa s r a t ed a t  
7 , 0 0 0  w . Obs e rv a t i on da y s  f o r  h e a t  and mo i s tu r e  ba l an c e s  
w e r e  J un e  1 6 , J u l y 7 ,  and Ju l y 2 9 , 1 9 8 7 . 
T h e  c o o l i n g e f f e c t s  we r e  6 ,  1 0 0 W ( 2 0 , 9 0 0  B tu / h ) ,  
5 , 9 0 0  W ( 2 0 , 0 0 0  B tu / h ) ,  and 3 , 5 0 0  W ( 1 2 , 2 0 0  B t u / h ) f o r  t h e  
t h r e e  r e s pe c t i v e days . Th e twe l ve c ra t e  s ys t e m  t h u s  
· s uppl i ed 5 0 8  W ( 1 , 7 3 3  B t u / h ) ,  4 9 2  W ( 1 , 6 7 9  B t u / h ) ,  2 9 2  W 
( 9 9 6  B t u / h ) pe r c ra t e  c o o l i ng c apac i t y .  T h e  ave r a g e  for 
t h e  three da y s  w a s  4 3 3  W ( 1 , 4 � 7  B t u / h ) pe r c ra t e . 
The an i m a l  h e a t  ga i n  f o r  t h e  t h r e e  obs e rv a t i on days 
ranged 
B t u / h ) . 
B t u / h ) 
f r om 2 , 6 6 9  
Th e r an g e  
t o  6 0 0  W 
W ( 9 , 1 0 8 B t u / h ) t o  3 , 6 0 5  W ( 1 2 , 3 0 0  
o n  a pe r c ra t e  ba s i s  was 4 4 4  W ( 1 , 5 1 8 
( 2 , 0 5 0  B t u / h ) . As s um i n g t h e  p r e s e n t  
s ys t em o pe r a t ed a t  r a t ed cond i t i on s  and no l o s s e s  
oc c u r r ed , t h e  s y s t em wou l d  supp l y  5 8 3 W ( 1 ,  9 9 0  B t u / h ) 
c o o l i ng c a pac i t y pe r c ra t e  t o  t h e  s ows . S i nc e  t h e  s n o u t  
c o o l  s ys t em d i r e c t s  t h e  a i r  a t  t h e  s ow ' s s n out . i t  h a s  b e e n  
a s s umed t h a t  h e a t  d i s s i pa t i o n tak e s  p l a c e  t h r o u g h  
r e s p i ra t i on o r  e vapo r a t i on i n  t h e  l un g s . S w i ne l o s e  5 4 . 7  
p e r c e n t  o f  t h e i r  h e a t  t h rough evapora t i on a t  3 2 . 2  C ( 9 0 F )  
( MWPS , 1 9 8 3 b ) , t h u s  a s ow wh i ch produc e s  6 4 0  W ( 2 ,  1 9 2  
B tu / h )  pe r c r a t e  ( s ow / l i t t e r  un i t  a t  f o u r  wee k s  o f  a g e ) 
d i s s i pa t e s  3 5 1  w ( 1 ,  2 0 0  B t u / h ) p e r  c ra t e  due t o  
e vaporat i on . Th e 5 8 3  W ( 1 , 9 9 0  B t u / h ) s y s t em s uppl i e s  2 3 2  
W ( 7 9 0 B t u / h ) pe r c r a t e  m o r e  c o o l i ng c a pac i t y t han 
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r e qu i r e d  t o  d i s s i pa t e  evapo r a t i ve h e a t  l o s s e s . 
T h e  p r e s e n t  a i r c ond i t i on i ng s y s t e m  c ou l d  be 
de c r e a s ed by 2 3 2  W ( 7 9 0  B t u / h ) pe r c ra t e  to app r ox i mat e l y 
3 5 1  W ( 1 , 2 0 0  B t u / h ) p e r  c ra t e  and have s u f f i c i en t  c o o i i n g 
f o r  e vapora t i ve h e a t  exchang e . T h e  a i r c ond i t i on i n g  un i t  
f o r  twe l v e  c ra t e s  w o u l d  n e ed a r a t i ng o f  4 , 2 0 0  W ( 1 4 , 4 0 0  
B t u / h ) f o r  t h e r e qu i red c o o l i ng . Howeve r , a n y  a dd i t i on a l  
c oo l i ng c apac i t y c ou l d  l owe r the s u r round i ng h e a t  l ev e l  
wh i ch wou l d  i nc r e a s e  t h e  po te n t i a l  f o r  f u r th e r  c o o l i ng . 
Sys t ems Eva l ua t i on :  
T h e · s y s t em s  i n s ta l l ed we re : snout c oo l i ng i n  two , 
s i x - c r a t e  f a r r ow i ng r o oms , d r i p  c oo l i ng i n  two , s i x - c ra t e  
f a r r ow i ng r o om s , a n d  one r o o m  wa s des i gn a t ed a s  a c on t r o l . 
The s n o u t  c o o l i ng s y s t em was the s am e  as u s ed by H e a rd 
( 1 9 8 5 ) , bu t w i t h r e de s i gned o u t l e t s , that de l i v e r e d  c o o l  
a i r  f rom t h e  s i de o f  t h e  c ra t e . Th e dr i p  c o o l i ng s ys tem 
wa s i n s ta l l ed to p l ac e  dropl e t s  of wa t e r  o n  t h e  
n e c k / sh ou l de r a r e a  o f  t h e  s ow f o r  e vapora t i v e co o l i ng . 
T h e  rede s i gn ed ou t l e t s  pe r f o rmed v e r y  we l l .  Th e 
s ows r e c e i v ed c o o l  a i r  wh e th e r  s tand i ng o r  l y i ng down . 
Th e new o u t l e t s w e r e  a p l u s  becau s e  t h e y  d i d  n o t  h a v e  t o  
b e  removed wh e n  o p e n i ng t h e  f r o n t  o f  t h e  c r a t e . T h e  
ou t l e t s w e r e  v e r y  e a s y t o  c l ean out wh e n  t h e y  became 
d i r t y . S ows d i d  n o t  dama g e  the n ew out l e t s , and t h e  
ou t l e t s  appea r e d  f o · b e  v e r y  durabl e .  
Th e m a j o r  p r o b l em w i t h t h e· red e s i g n e d  ou t l e t s  wou l d  
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be dr a f t s  a s  t h e  a i r  moved ac r o s s the s ow a r e a , a l t h o u g h  
t h e  ve l o c i t y was r educed . The h o ve r s  s t o pp e d  t h e  d r a f t s  
f r om t h e  p i g l e t  a r e a s , y e t  w i thout hove r s , d ra f t s  c o u l d  
occur . T h e  c o s t  o f  h ov e r s  and t h e  n e w  o u t l e t s  wou l d  
i n c re a s e  t h e  i n i t i a l c o s t  o f  the s ys tem . 
Th e d r i p  s y s t em operated we l l  w h e n  ad j us ted 
prope r l y . Th e wat e r  l i n e s  we r e  moun t e d  t o  t h e  c e i l i ng and 
we re out of the way f o r  c l ean i ng , c l e a ranc e , e t c . T h e  
s ows d i d  n o t  s e e m  t o  m i nd hav i ng the wa t e r  p l a c e d  o n  t h em . 
Th e dr i p  no z z l e s  p e r fo rmed we l l  and p l ug g i ng o f  t h e  
n o z z l e s  wa s n o t  a p r o b l em . 
Th e maj o r  d i s advan tage 
c ont r o l l i ng the wa t e r  f l ow .  
o f  t h e  d r i p  s ys t em was 
I n i t i a l l y , th e s ys t e m  wa s 
s uppl y i n g  t o o  muc h wa t e r  on the s ow , wh i ch i n  t u rn w e t t e d  
t h e  f l oo r  a r e a  o f  t h e  c r a t e s  cau s i ng s ome p i g l e t  s c o u r s . 
The s ys t em h ad t o  be f i n e  tuned t o  avo i d  we t t i n g  o f  t h e  
f l o o r , but y e t  k e e p  t h e  sows we t . The p r e s e n t  s ys tem 
s uppl i ed a s t r eam of wa t e r  whe n  ope r a t i ng , s o  th e 
p o t e n t i a l  f o r  run - o f f  was h i gh e r . A g en t l e  d r i p  o f  wa t e r  
may redu c e  t h e  c hanc e f o r  run - o f f , t h u s  r educ i ng t h e  l i n e  
pr e s s u r e  o r  u s i ng n o z z l e s  w i t h l owe r fl ow ra t e s  may h e l p  
c o n t r o l  t h e  wa t e r  f l ow . 
T h e  i n i t i a l c o s t  o f  t h e  s no u t  c o o l  s y s t em was 
con s i de r ab l y  mo r e  t h a n  t h e  d r i p  s ys t em . T h e  i n s ta l l a t i on 
c o s t  o f  t h e  s n o u t · c o o l i ng s y s tem wa s app r o x i ma t e l y · f i v e 
t i me s  g r e a t e r t h a n  t h a t  o f  the d r i p  c o o l i ng s ys t em . H e a rd 
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( 1 9 8 6 ) r e po r ted a c o s t  o f  approx i mat e l y $ 1 4 0 / c r a t e  f o r  
mate r i a l s and i n s t a l l a t i on f o r  t h e  s nou t c oo l i n g  s ys t e m . 
F r om t h i s  two - y e a r  s t udy , t h e  ma t e r i a l s and i ns t a l l a t i on 
f o r  the dr i p  c oo l i ng s y s tem wa s appr ox i ma t e l y  $ 2 5 / c r a t e . 
Th e s n o u t  c oo l i ng s ys tem hav i n g  an a i r  c ond i t i on e r  
w i t h a co e f f i c i e n t  o f  pe r fo rman c e  o f  2 .  3 w o u l d  r e qu i r e  
approx i ma t e l y  3 0 4 0  W o f  e n e r g y  i nput t o  o p e r a t e  t h e  un i t  
· ( c o e f f i c i e n t  o f  pe r f o rmanc e has be e n  de f i n e d  a s  de s i r e d  
e n e r g y  e f fect d i v i ded by e n e r g y  i npu t , t h u s  7 0 0 0  W /  3 0 4 0  W 
= 2 . 3 ) . T h e  dr i p  c oo l i ng w o u l q  r e qu i r e a v e r y  s ma l l amoun t 
o f  e n e r g y  t o  o p e r a t e  t h e  c o n t r o l l e r , as  c om pa r ed t o  t h e  
s nout c o o l  s ys t em . Th e operat i on a l  c o s t  o f  t h e  d r i p  
c o o l i ng s ys tem w o u l d  t h e r e f o r e  be much l e s s , a s s um i ng 
bo th sys tems o p e r a t ed t h e  s ame l e n g th o f  t i me . O t h e r  
c on s i d era t i on s  w o u l d  be , upk e ep o f  the a i r  c o nd i t i on i ng 
s ys tem by r e p l a c i ng o r  c l ean i ng a i r  f i l t e r s  o n  a r e g u l a r  
ba s i s , and t h e  dr i p  s ys t em c o u l d  cau s e  c o r r o s i on o r  
r u s t i ng o f  ma t e r i a l s  due t o  t h e  pre s en c e  o f  wat e r . 
Pork pr oduc t i on cou l d  be obse rved b y  p i g l e t s  f r om 
dr i p  c o o l ed , s no u t  c o o l ed , and c o n t r o l  r o o m s . H a rve s t  
S t a t e s , GTA F e e d s  D i v i s i on ,  S w i n e  Uri i t  1 4 4 ( t h e  s m a l l 
c omme rc i a l  u n i t  wh e re th i s  r e s earch wa s p e r fo rmed ) ,  
f a r r owed appr ox i ma t e l y  3 5 0  s ows f r om June 2 8 , 1 9 8 6  t o  J un e  
2 6 , 1 9 8 7 . Ave r a g e  we i g h t  o f  mark e t  h o g s s o l d  w a s  9 8  k g  
( 2 1 5  lb ) .  T h e  av � �a g e  n umbe r  o f  p i g l e t s  t o  w e a n  f o r  dr i p . 
c o o l ed r o oms , s n o u t  c o o l ed r o oms , and c o n t r o l r ooms wa s 
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9 . 7 ,  9 . 6 ,  and 9 . 3  p i g l e t s  p e r · c ra t e  r e s pe c t i v e l y . B a s e d  
on the numbe r o f  p i g l e t s  to wean f o r  t h e  t e s t , t h e  
av e rages w e r e  n o t  s i g n i f i can t l y  d i f f e r e n t . A s s um i n g a l l 
an i ma l s  we r e  s o l d  a t  m a r k e t  we i gh t , pork p r oduc t i o n f r om 
dr i p  coo l ed an i ma l s ,  s n o u t  c o o l ed an i ma l s ,  and u n c o o l ed 
an i mal s wou l d  be , r e s p ec t i ve l y : 3 3 1 , 8 0 0  k g  ( 7 2 9 , 9 0 0  l b ) , 
3 2 8 , 4 0 0  k g  ( 7 2 2 , 4 0 0  l b ) , and 3 1 8 , 1 0 0 kg ( 6 9 9 , 8 0 0  l b ) o f  
pork . 
Fo r th i s  s tudy wh e r e  data w e r e  c o l l ec t ed a t  a s ma l l 
c omme rc i a l  c o n f i nemen t f ac i l i .t y l oc a t ed a t  S i o ux F a l l s , 
S o u th Dak o ta , t h e  s n o u t  and dr i p  c oo l i n g  s y s t em s  h a v e  n o t  
s h own a n  advan t a g e  ba s ed on an e x am i n a t i o n o f  s w i n e 
pe r fo rmanc e . Ne i th e r  s ys t em s h ou l d  be i n s t a l l e d u n l e s s  
t h e  farme r wan t s  t o  i nc r e a s e  s ow c om f o r t  b y  l owe r i n g 
r e s p i rat i o n ra t e s . 
Ba s ed on t h i s  s t udy , under S o u t h  Da k o t a  s umme r 
c l i mat i c  c ond i t i o ns , s w i n e  pe r fo rmance was n o t  i mp r o v ed b y  
the c o o l i n g  s ys t ems . S w i n e expo s e d  t o  h i gh e r  ave r a g e  
o u t s ide e n v i r onmen t a l  t em p e r a t u r e s  o f  a t  l e a s t  t e n  d a y s  a t  
o r  above 2 3 . 9  C ( 7 5 F )  a n d  at l ea s t  t w o  d a y s  a t  o r  above 
2 6 . 7  C ( 8 0 F )  did n o t  s h o w  i mproved p r oduc t i v i t y  du� t o  
the c oo l i ng s y s t e m s . Th e t h i r t y  year a v e r a g e  f o r  S i oux 
Fa l l s , S ou t h  Dak o t a  has e l even days o f  a v e r a g e  o u t s i de 
t empe rat u r e  a t  o r  above 2 3 . 9  C ( 7 5 F ) , z e r o d a y s  o f  
average ou t s i de t e mp e r a t u r e  a t  o r  above ( 8 0  F ) , . and a 
r e l a t i v e h um i d i t y o f  5 6  pe r c e n t · for t h e  mo n t h s  o f  J u n e  
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th rough S ep t embe r .  A r e a s  w i t h c l i ma t i c  c o nd i t i on s  s i m i l a r  
t o  eas t e r n  S o u t h  Dak o t a  ma y n o t  need c oo l i n g  s ys t e m s . 
Bene f i t s f r om d r i p  c o o l i ng s y s tems c o u l d  o c c u r  i n  a r e a s  
wh i c h are h o t t e r  a n d  d r i e r t h an eas t e rn S ou t h  Dak o t a , 
wh i l e ben e f i t s  f r om s n o u t  c o o l i ng cou l d  occ u r  i n  a r e a s  
wh i ch a r e  h o t t e r  and mor e h um i d  t h a n  eas t e rn S o u t h  Dak o t a . 
A s n o u t  c o o l i ng s ys t em wou l d  have a h i gh e r  e x pe ns e  
' f o r  ma t e r i a l s  and i n s ta l l a t i o n , h i g h e r  o pe r a t i o n a l  
r e qu i remen t s , and h i gh e r  ma i n t e nance c ompa r e d  t o  dr i p  
c o o l i ng , t h u s  d r i p  c o o l i ng WQu l d  be mo r e  favo r ab l e  bas ed 
on s ys tem c ompone n t s . Bas ed on c r a t e  and f l o o r  
r e qu i r ement s ,  a d r i p  s y s t em c o u l d  wo r k  we l l  o n  ra i s ed 
dec k s  ( c r a t e s ) ,  and i f  e xc e s s  wat e r  was appl i ed i t  wou l d  
run t h rough t h e  f l o o r i ng w i t h o u t  we t t i ng t h e  p i g l e t  c r e e p  
area . Snou t c o o l i ng wo u ld wo rk be t t e r  w i t h c r a t e s  o n  
s o l i d  f l oo r i n g , s i nc e  t h e  s n o u t  co o l i ng s ys t em s u pp l i e s 
c o o l ed a i r ra t h e r  than mo i s t u r e  i n  l i qu i d f o rm . 
Dr i p  c o o l i ng c o u l d  c a u s e  wet f l o o r s , and i n  t u r n , 
c a u s e  mo i s t u r e  and d i s e a s e  probl ems _ for the an i m a l s .  T h e  
e xc e s s  mo i s tu r e  c o u l d  a l s o  c r e a t e  rus t i ng o f  m e t a l  
ma t e r i a l s  i n  t h e  barn . The e xc e s s  mo i s t u r e  wou l d  
t h e r e fo re , i nd i r e c t l y i nc r ea s e  t h e  c o s t  o f  a d r i p  c o o l i n g 
s y s t em .  
I t  wou l d  be i nappr opr i a t e  f o r  e i th e r  c o o l i ng s ys t em 
t o  be pl aced i n  h ou s i n g w h e r e  s ow s  a r e  i n  p e n s  . o r  a _ 
non co n f i n ed a r e a , s i nce t he s ow s  c o u l d  roam f r e e l y  abou t 
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t h e  pen w i t h o u t  be i n g c o o l ed . . The c o o l i ng s ys t e m s  m u s t  be 
p l aced s uc h  that wa t e r  or c o o l ed a i r  c an be d i r e c t e d  on 
the an i m a l , i f  the an i ma l  wa s i n  an o t h e r  par t of t h e  pen 
the c oo l i ng e f f e c t s  wou l d  be wa s t ed . 
The r e  a r e  a t  l e a s t t h r e e  a r eas wh i ch c ou l d  u s e  
f u r t h e r  r e s ea rc h  w h e n  l o ok i ng at c oo l i ng s ys te m s . A i r f l ow 
r a t e s  f o r  bu i l d i ng v e n t i l a t i on i n  s umme r  c on d i t i on s  c o u l d  
po s s i b l y  be l ow e r e d  d u e  to t h e  add i t i on o f  s ome f o rm o f  
c o o l i ng . Lowe r a i r f l ow r a t e s  wou l d  be a s av i n g s  t o  t h e  
farme r i n  e qu i pmen t  and ope r a � i onal c o s t s . A c o m pa r i s on 
be tween d r i p  c oo l i n g and s n o u t  vent i l a t i on ( un c o o l ed a i r )  
c o u l d  be pe r fo rmed t o  ob s e rve any d i f f e r e nc e s  u s i n g  w a t e r  
v e r s us unco o l ed a i r .  The snout vent i l a t i on wou l d  h a v e  
l owe r ma t e r i a l s  and o p e ra t i on a l  c o s t s  ( n o a i r c ond i t i on i ng 
s y s t em wou l d  be u sed ) t h an snout c o o l i ng , and s n o u t  
ven t i l a t i o n  wou l d  be e a s i e r to i ns t a l l a n d  m a i n t a i n  
w i t h o u t  a n  a i r c o n d i t i o n i ng s ys tem . A c ompar i s on be t w e e n  
s n o u t  c oo l i n g a n d  c o n v e n t i ona l vent i l at i on u s i ng t h e  f i v e  
y e a r  da t a  s e t  c o u l d  be made . Heard ( 1 9 8 5 ) c o l l ec t ed t h r e e  
year s  o f  s n o u t c o o l i ng and c onvent i onal v e n t i l a t i on data , 
wh i l e th i s  s t udy u s ed data c o l l ec t ed ove r t wo yea r s . · Th e 
f i ve y e a r  d a t a  s e t  wou l d  i nc r e a s e  t h e  numbe r o f  
obs e r va t i on s  f r o m  t h e  o v e ra l l popu l a t i on , wh en c ompa r ed t o  
t h e  o th e r  two e x pe r i men t s . 
CONCLUS I ONS 
The fo l l ow i ng c o nc l u s i on s  we re made f rom th i s  
i nv e s t i g at i on : 
1 .  S o w  we i g h t  l o s s  dur i ng l ac tat i on wa s 0 . 1 5 4 
k g / da y  ( 0 . 3 4 0  l b / d a y ) f o r  d r i p  c o o l ed s ows , 
( 0 . 8 1 6  l b / day ) f o r  s n o u t  c oo l ed s ows , and 
0 .  3 7 0  k g /da y  
0 .  3 8 2  k g /day 
' ( 0 . 8 4 6  l b /day ) f o r  s ow s  
c o n v en t i onal v e n t i l a t i on . 
i n  t h e  c on t r o l  r o om w i th 
The d i f f e renc e s  w e r e  n o t  
s i g n i f i c ant , t h u s  t h e  c o o l i n g _s ys t ems d i d  n o t  de c re a s e s ow 
we i gh t  l o s s  t h r o u g h o u t  l ac ta t i on .  
2 .  S ow f e ed c o n s ump t i on was n o t  s i gn i f i c an t l y  
i nc r e a s e d by t h e  c o o l i ng s ys t e m s . The dr i p  c o o l ed s ow s  
c o n s umed 5 . 6 8 k g / da y  ( 1 2 . 5  l b / d ay ) , t h e  s n o u t  c o o l ed s ow s  
c o n s umed 5 . 6 1 k g / day ( 1 2 . 4  l b /day ) ,  a n d  s ow s  i n  th e 
c o n t r o l  room w i t h  c on v en t i o n a l  ven t i l a t i on c on s um ed 5 .  2 8  
k g /day ( 1 1 . 6 l b /day ) .  Th e o l de r sows ( pa r i t y  t wo - s ow s  
wi t h  l i t te r  number t h r e e  o r  above ) c o n s um e d  h i g h l y  
s i g n i f i c an t l y  m o r e  f e ed t h an t h e  young e r  s ow s  ( pa r i t y  one ­
s ow s  wi th t h e i r  f i r s t  o r  s e c o nd l i t t e r ) . T h e  o l de r  s ow s  
c o n s umed 5 . 8 3 k g /day ( 1 2 . 8  l b /day ) , wh i l e  t h e  youn g e r  s ows 
c on s umed 5 . 2 2 k g / da y  ( 1 1 . 5  l b/ day ) wh i c h was t e n  p e r c e n t  
l e s s  t h an t h e  o l d e r  s ows . 
3 .  Sow back fat l o s s e s  were not s i g n i f i ca� t l y  
r educ ed by dr i p  c o o l i ng o r  s n o u t  c o o l i ng . D r i p  c o o l ed . 
s ow s  l o s t  0 . 0 5 5  mm / da y  ( 0 . 0 0 2  i n / day ) ,  s n o u t  c o o l ed s ows 
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l o s t  0 . 0 8 6  mm/ day ( 0 . 0 0 3  i n /day ) , and the c o n t r o l  g r o u p  
l o s t  0 . 0 8 1  mm /day ( 0 . 0 0 3  i n /da y ) . 
4 .  The t i me s  r e q u i red f o r  t h e  s ows t o  r e t u r n  t o  
e s t ru s  a f t e r  wean i ng we r e  n o t  s i g n i f i c an t l y  r e d u c e d  b y  
d r i p  c oo l i ng o r  s n ou t c o o l i ng . Th e t i mes r e qu i r e d  f o r  t h e  
s ows to r e t u r n  t o  e s t r u s  we r e  5 . 9 5 days , 5 . 4 6 d a y s , and 
5 . 6 0 days for the dr i p  c o o l ed , s no u t  coo l ed , and c o n t r o l  
r·oom s ows , re s pec t i ve l y . The youn g e r  s ows r e qu i r ed, 3 0  
pe r c e n t  l on g e r  t i m e  t o  r e t u rn t o  e s t ru s  a f t e r  wean i ng 
t h a n  the o l de r  s ow s , t h e  d i f f e r e nc e  was s i gn i f i c a n t . 
Par i t y one s o ws ( s ows w i th t h e i r  f i r s t  o r  s ec ond l i t t e r ) 
r e tu rned t o  e s t ru s  i n  6 . 6 1  days , wh i l e  pa r i t y t wo s ow s  
( s ows w i th a l l o th e r  l i t t e r s ) re turned t o  e s t ru s  i n  4 . 7 4 
days . 
5 .  P i g l e t  we i gh t  g a i n s  t o  s e v e n  days w e r e  
n o t  s i gn i f i can t l y  d i f f e re n t  be tween p i g l e t s  f r om d r i p  
c oo l ed , s n o u t  c o o l ed , o r  c on t ro l r ooms . T h e  p i g l e t s  
g a i n ed 0 . 1 6 4  k g / p i g l e t /day ( 0 . 3 6 2  l b / p i g l e t /day ) ,  0 . 1 7 0 
k g / p i g l e t / day ( 0 . 3 7 5  l b / p i g l e t / day ) ,  and 0 . 1 7 3 
k g / p i g l e t /day ( 0 . 3 8 1  l b / p i g l e t / day ) f o r  p i g l e t s  f r om d r i p  
c oo l ed ,  s n o u t  c o o l ed , and c on t r o l  rooms , r e s pec t i v e l y . 
T h e  youn g e r  s ow s  ( pa r i ty o n e ) had p i g l e t s  wh i c h  g a i n e d  o n e  
pe r c e n t  mo r e  we i g h t  to d a y  s e ven than t h e  p i g l e t s  f r om t h e · 
o l de r  s ows ( pa r i ty two ) , t h e  d i f f e r ence was s i gn i f i c an t , 
bu t f r om a prac t i c a l s e n s e  t h e  d i f fe r e nce wa s t o o  s ma l l  t o  
b e  m e a s u red . 
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6 .  P i g l e t  w e i gh t  g a i n  t o  wean was n o t  s i gn i f i c a n t l y  
d i f f e r ent be twe e n  p i g l e t s  f r om d r i p  c oo l ed , s n o u t  c o o l ed , 
o r  c o n t r o l  r o o m s  w h e n  l o ok i ng a t  the ent i r e c o l l e c t i on o f  
da ta . The p i g l e t  we i gh t  ga i n s  t o  wean f o r  t h e  p i g l e t s  
f r o m  dr i p  c o o l ed , s n ou t c oo l ed , and con t r o l  r oo m s  we r e  
0 .  1 7 2  k g / p i g l e t / day ( 0 .  3 7 9  l b / p i g l e t /day ) ,  0 .  1 8 8 
k g / p i g l e t /day ( 0 . 4 1 4  l b / p i g l e t /day ) , and 0 . 1 8 4 
k g / p i g l e t /day ( 0 . 4 0 6  l b /p i g l e t / day ) ,  re s pe c t i ve l y . I n  
1 9 8 6 , p i g l e t s  f r om t h e  c o n t r o l  room g a i ned 0 .  2 0 7  
k g / p i g l e t /day ( 0 . 4 5 6 l b / p i g l e � / day ) , wh i l e t h e  p i g l e t s  i n  
t h e  . d r i p c o o l ed r o o m s  g a i n e d  0 .  1 6 6  k g / p i g l e t / da y  ( 0 .  3 6 6  
l b/ p i g l e t /day ) ,  t h u s  t h e  c o n t r o l  r oom p i g l e t s  g a i n e d  2 0  
p e r c e n t  mo re we i g h t  pe r p i g l e t  pe r day ( h i gh l y  
s i g n i f i cant l y  d i f f e r e n t ) t h an t h e  p i g l e t s f r om t h e  dr i p  
c oo l ed r o oms . Th i s  · d i f f e r e n c e  c o u l d  be du e t o  t h e  s c o u r  
probl ems wh i c h o cc u r r ed i n  1 9 8 6  i n  t h e  dr i p  c o o l ed r o om s . 
I n  1 9 8 7 , pi g l e t s  f r om t h e  s n o ut c o o l ed rooms g a i n ed 0 . 1 9 1  
k g / pi g l e t /day ( 0 .  4 2 1  l b / p i g l e t / day ) ,  wh i l e  t-h e c on t r o l 
r o om p i g l e t s  g a i n ed 0 .  1 6 1  k g / p i g l e t / day ( 0 .  3 5 6 
l b/ p i g l e t / day ) ,  t h u s  t h e  p i g l e t s  f r om the s n o u t  c o o l ed 
r o oms g a i n e d h i g h l y  s i g n i f i c an t l y m o r e  � e i g h t  t o  wean t h an 
the p i g l e t s  f r om the c o n t ro l r o om . Th i s  i nc r e a s e  c o u l d  be 
due t o  i mp r o v e d  s ow p e r fo rmanc e  f r om the s n ou t c oo l i ng 
s y s t em . 
· 7 . The numb e r  o f  p i g l e t s  on da y s e ven wa s n o t  
s i gn i f i c an t l y  d i f f e r e n t  b e t w e e n  t h e dr i p  c o o l ed , s n o u t  
c oo l ed , o r  c o n t r o l  r ooms . 
dr i p  c o o l ed , s n o u t  
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The numbe r o r  p i g l e t s  f r om t h e  
c oo l ed , and c o n t r o l  r o om s , 
r e s p ec t i ve l y , w e r e  9 . 9 7 ,  1 0 . 2 , 9 . 6 8 p i g l e t s  pe r c r a t e . 
8 .  T h e  numbe r o f  p i g l e t s  t o  wean wa s 9 .  6 9 , 9 .  6 1 , 
9 . 3 2 p i g l e t s  pe r c ra t e  f r o m  t h e  dr i p  c o o l ed , s n o u t  c o o l ed , 
and c on t r o l  r o oms , r e s pe c t i ve l y . Th e d i f f e r enc e s  w e r e  n o t  
s i gn i f i ca n t . Th e numbe r o f  p i g l e t s  t o  wean pe r c ra t e  i n  
1 9 8 6  wa s s i x pe rc en t  g r e a t e r  than 1 9 8 7 , p r obab l y  due t o  
th e i nc re a s ed s ow h e a t  s t r e s s  o f  1 9 8 7 , and t h e  TGE p r ob l em 
o f  1 9 8 7 . 
9 .  The numb e r  o f  p i g l e t s removed pe r c ra t e  was 
1 . 2 4 ,  1 . 1 4 ,  and 1 . 0 6 f r o m  t h e  dr i p  c oo l ed , snout c o o l ed , 
and c on t r o l  rooms , re s pec t i ve l y . Th e s e  d i f f e r e n c e s  w e r e  
n o t  s i gn i f i ca n t . Th e p i g l e t r em ova l pe r c r a t e  wa s 0 . 8 3 
f o r  1 9 8 6  and 1 .  4 7  f o r  1 9 8 7 , t h i s  d i f f e r e n c e  wa s h i gh l y  
s i g n i f i c a n t . The g r e a t e r  n umbe r o f  p i g l e t s  removed f o r  
1 9 8 7  was p r obabl y due t o  t h e  g re a t e r  h e a t  s t re s s , and TGE 
i n  1 9 8 7 . 
1 0 . D r i p  c o o l i ng and s nout c o o l i ng h i gh l y  
s i g n i f i c a n t l y  reduc ed s ow r e s p i r a t i on r a t e s . Th e l e a s t  
s quare m ean s were 5 5 . 8 ,  6 8 . 1 ,  and 9 3 . 9  br e a t h s  pe r m i nu t e  
f o r  d r i p  c oo l ed , s n o u t  c o o l ed , and c on t r o l  r o om s ows , 
r e s pec t i ve l y , i nd i ca t i ng c o o l i ng s y s t ems i nc r e a s e d  s ow 
c om f o r t . 
1 1 • I n s tan t an e o u s  h e a t  and mo i s tu r e  b a l a n c e s  
i n d i c at e d  t h e  ma j o r i t y  o f  h e a t  and mo i s tu r e  add i t i o n s  t o  
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t h e  r o o m s  were due t o  h i gh v e n t i l a t i on rat e s  o f  o u t s i de 
a i r .  Th i s  repr e s e n t ed ove r 8 9  p e r c e n t  o f  t h e  t o t a l  h e a t  
add i t i o n , and ove r 8 8  perc e n t  o f  the t o ta l  mo i s t u r e  
add i t i on . 
1 2 . Mo i s t u r e  addi t i on due t o  th e s n o u t  c o o l i n g  
s ys t em ranged f r om 4 . 5 to  7 . 8  p e rc e n t  o f  t h e  t o t a l . 
Mo i s t u r e  add i t i on due t o  t h e  dr i p  c o o l i ng was 2 . 4  t o  2 . 8  
pe rc e n t  o f  the t o t a l . Not a s  much wat e r  was adde d  by t h e  
dr i p  s y s t em , pr i ma r i l y becaus e  t h e  a i r  i n  t h e  r o om was n o t 
abl e t o  vapo r i z e 
e x hau s t . 
wa t e r  b� f o r e  ex i t i ng th r ou g h  t h e  
1 3 . H e a t  add i t i on by t h e  s nout c oo l i ng s y s t em wa s 
5 . 2  to  7 . 8  pe r c e n t  o f  t h e  t o t a l , and dr i p  wa t e r  was 
n e g l i g i b l e  as a h e a t  add i t i on .  
SUMMARY 
Re s e a rc h  was conduc t ed ove r t h e  s umm e r s  o f  1 9 8 6  and 
1 9 8 7  i n  a s ma l l c omme rc i a l  c on f i neme n t  fac i l i t y to t e s t 
t h e  e f f e c t s  o f  d r i p  c oo l i ng , s n o u t  c o o l i ng , and 
c onvent i on a l vent i l at i on on l ac ta t i ng s w i ne . H o t  s umme r  
weath e r  c an b e  de t r i me n t a l  t o  the s ows , bu t v e r y  s u i t ab l e  
f o r  p i g l e t s . F o r  opt i mum p r oduc t i on , s e pa r a t e  
env i r onme n t s  a r e  r e qu i r ed f o r  t h e  s ow s  v e r s u s  t h e  p i g l e t s . 
T h e  d r i p  c oo l i ng s y s t em p l ac ed d r op l e t s  o f  wa t e r  o n  
t h e  � ow ' s n ec k / s h ou l de r  a r e a  a t  a r a t e  o f  0 . 5  L ( 0 . 1 3  g a l ) 
per h ou r  p e r  c ra t e  f o r  evapo ra t i ve c o o l i ng . The s n o u t  
c o o l i n g s y s t em de l i ve red 1 . 0 2 m3 / m i n  ( 3 5 c fm ) pe r s ow o f  
re fr i g e ra t ed a i r  t o  th e s ow ' s h e ad a rea f o r  r e s p i r a t i on .  
Th e r o om v e n t i l at i on · r a t e  for t h e  t h r e e  t ype s o f  s y s t em s  
( dr i p  c o o l ed , snout c o o l ed , and c onve n t i o n a l l y  
v e n t i l at e d ) was s e t  to 1 4 . 6  m3 /m i n  ( 5 0 0  c fm ) pe r s o w . 
Ov e ra l l , sw i ne pe r f o rmanc e wa s n o t  i mproved by t h e  
d r i p  c oo l i ng o r  snout c o o l i ng s ys t e m s  wh en c ompa red t o  t h e  
c on t ro l  r o om wh i ch had c onve n t i o na l  v e n t i l a t i on . H owev e r , 
th e o l d e r  s ow s  c o n s u m e d  h i g h l y  s i gn i f i cant l y  ( t e n  pe r c en t ) 
mo r e  feed t han the you n g e r  s ows . Th e o lde r s ows r e t u r n e d  
t o  e s t r u s  a f t e r  wean i n g s i gn i f i ca n t l y  s o o n e r  ( two d a y s ) · 
than t h e  y oun g e r s ow s . The s ow r e s p i rat i on r a t e s w e r e  
h i g h l y · s i gn i f i c a n t l y l o w e r ed by t h e  dr i p  c oo l i ng and s n o u t  
c o o l i ng s y s t e m s , wh e n  c o mpa r e d  t o · th e r e s p i rat i on r a t e s  o f  
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t h e  con t r o l  s ows , thu s i nd i c at i ng g r e a t e r  s ow c o m f o r t . I n  
1 9 8 7 , p i g l e t  we i gh t  g a i n  t o  wean wa s 1 6  pe rc e n t  g r ea t e r  i n  
s nout c o o l ed rooms than i n  t h e  cont r o l  room . 
I n s t a n t a n e o u s  h e a t  and m o i s tu r e  b a l anc e s  we r e  
pe r f o rmed o n  da t a  f r om t h e  r o o m s  conta i n i ng t h e  dr i p  
c o o l i ng and s n o u t  c o o l i ng un i t s . I n l e t  a i r  c o n t a i ned 
approx i ma t e l y  90  pe r c e n t  of h e a t  add i t i on s , a nd ove r 9 0  
pe r c e n t  o f  m o i s tu r e  add i t i o n s , both due t o  h i g h SUJllm e r  
vent i l at i on r a t e s . H e a t  add i t i on d u e  to s nou t c o o l i ng wa s 
l e s s  than t e n  p e r c en t , and m o � s tu r e  add i t i on due t o  dr i p  
c o o l i ng wa s approx i ma t e l y  t h r e e  percent . T h e  s no u t  
coo l i ng s ys t e m  p r oduc ed a m e a n  c oo l i ng e f fe c t  o f  4 3 3  W 
( 1 , 5 0 0  B t u / h r ) pe r c ra t e , wh i l e  t h e  c oo l i ng e f f ec t o f  t h e  
dr i p  wa t e r  depended 
s o w ' s s k i n . 
on t h e  evapo r a t i on o f  wa t e r  o f f  t h e  
The dr i p  c o o l i ng s y s t em p e r f o rmed we l l  a s  l on g  a s  
wa t e r  f l ow wa s p r o pe r l y  adj u s t ed . The rede s i g n ed o u t l e t 
fo r t h e  s n o u t  c o o l i n g  s ys t em was dur abl e and s uppl i ed a i r  
t o  the s ow wh e th e r  s h e  was s t and i ng o r  l y i ng down . 
Th e i n i t i a l  c o s t  o f  t h e  s n o u t  co o l i ng s·ys t e m  was 
c o n s i d e r a b l y  m o r e  t h a n t h e dr i p  c o o l i n g s ys t em . Th e s n ou t  
co o l i ng s y s t em h ad h i gh e r  ope r a t i ona l c o s t s . 
Th e ave rag e number o f  p i g l e t s  to wean f r om dr i p  
co o l ed , s n o u t  c o o l ed , and c onven t i on a l l y  v e n t i l a t ed r ooms 
wa s 9 . - 7 ,  9 .  6 ,  and
. 
9 .  3 p i g l e t s  pe r c rate , r e s pec t i ve l y . 
B a s e d  on the n u mb e r s  o f  p i g l e t s  t o  wean f o r  t h e  t e s t , t h e  
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av e rag e s  we r e  n o t  s i gn i f i can t l y d i f fe re n t . Howe v e r ,  wh e n  
u s i ng the s e  n umb e r s  o f  p i g l e t s  t o  wean , 3 5 0 s ows fa r row ed 
for t h e  year f r om t h i s  fac i l i ty , and a s s u m i ng p i g l e t s  w e r e  
ra i s ed t o  ma r k e t  we i g h t s  o f  9 8  k g  ( 2 1 5  l b ) ,  p o r k  
produc t i o n wo u l d  be : 3 3 1 , 8 0 0  k g  ( 7 2 9 , 8 0 0  l b ) , 3 2 8 , 4 0 0  k g  
( 7 2 2 , 4 0 0  l b ) , a n d  3 1 8 , 1 0 0 k g  ( 6 9 9 , 8 0 0  l b ) o f  p o r k  f r o m  
p i g l e t s  f rom d r i p  c o o l ed , snout c o o l ed , and unc oo l ed 
r ooms , r e s pec t i ve l y . 
Ba s ed o n  s w i ne pe r f o rman c e  f o r  th i s  two - ye a r  s t udy , 
n e i th e r  dr i p  c oo l i ng o r  s n o u t  p o o l i ng s h o u l d  be i ns t a l l ed 
i n  areas w i t h  c l i ma t i c  cond i t i on s  s i m i l a r  t o  e a s t e rn S ou t h  
Dak o ta . T h e  c oo l i ng s ys t em s  l owe r ed s ow r e s p i r a t i on 
rat e s , t h u s  s ow c om f o r t  wa s i nc r eas ed . A h og produc e r  may 
i n s ta l l c o o l i ng s ys tems f o r  g r e a t e r  s ow c om£ o r t , b u t  s ow 
pe r fo rmanc e may n o t · be i mproved . B e n e f i t s f r o m  dr i p  
co o l i ng s y s t em s  c o u l d  o c c u r  i n  a r e a s  wh i ch a r e  h o t t e r  and 
dr i e r than e a s t e rn S o u t h  Dak o ta , wh i l e bene f i t s  f r om s no u t  
c o o l i ng c ou l d  o c c u r  i n  a r e a s  wh i c h  a r e  h o t t e r  a n d  m o r e  
hum i d  than e a s t e rn S ou t h  Dak o t a . B a s e d  on ma t e r i a l s , 
i n s t a l l a t i on ,  o p e r a t� on , and ma i n t e nanc e c o s t s , a d r i p  
c oo l i n g  s ys t em wo u l d  b e  l e s s  e xp en s i v e  than a s n o u t  
c oo l i ng s ys t em . 
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APPEND I CES 
APPEND I X  A :  Ana l ys i s  o f  Va r i anc e  Tab l e s  f o r  S w i n e  
P e r f o rmanc e , Re f e r e n c ed w i th Tab l e  1 
th r o u g h  5 
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T ab l e  A . 1 .  Exampl e o f  n e s t ed fac t o r i a l  a n a l ys i s  o f  v a r i ance 
t ab l e ( c omp l e te mode l ) for s w i n e  p e r f o r m a n c e  
ba s e d  o n  t r e a tmen t s  { T ) , y e a r s  ( Y ) , pa r i t y ( P ) , 
and c yc l e s  w i th i n  ye a r s  C ( y ) , n e s t ed f ac t o r i a l  
ana l ys i s  w i th unequa l subc l a s s e s . 
Ana l y s i s  o f  Va r i an c e  f o r  Compl e t e  Mode l 
S ou r c e  
T 
y 
T * Y 
p 
T * P  
Y * P  
C ( y ) 
T * C ( y ) 
P * C ( y )  
T * Y * P  
T * C ( y ) * P 
E r r o r  
No t e s : 
D e g r e e s  o f  
F r e edom 
Mean S qua r e s  F - Va l ue 
Type I I I  D e n om i n a t o r s  
T * C ( y ) 
C ( y )  
T * C ( y ) 
P * C ( y ) 
T * C. ( y ) * P 
C ( y )  * P  
E r r o r  
E r r o r  
E r r o r  
T * C ( y ) * P  
E r r o r  
T - t re atme n t s ; dr i p  c o o l , snout c o o l , and c o n t r o l  
C ( y )  - cyc l e s  w i th i n  y e a r s ; e ach c yc l e  wa s o n e  r u n  o f  t h e  
expe r i me n t  
Y - y e a r s ; 1 9 8 6  and 1 9 8 7  
P - pa r i t i e s ; age o f  s ow s  ( pa r i t y 1 - s ows w i t h f i r s t  o r  
s ec ond l i t t e r , pa r i t y  2 - a l l  o th e r  s ows ) 
T r e a tmen t s  ( T ) , Year s ( Y ) , and Par i t y ( P )  we r e  
c o n s i d e r ed f i x ed e f f e c t s ,  C yc l e s  w i th i n  y e a r s  C ( y )  we r e  
c o ns i d e r ed r andom e f f e c t s , t h u s  t h e  c o l um n  w i t h  t h e  
F - Va l u e  Denom i na t o r s  i nd i c a t e s  wha t  e ac h  e f fe c t  s h o u l d  b e  
te s t ed wi t h  f r o m  t h e  e x pe c t ed m ean s qua r e s  f o r t h i s  m ode l . 
The f o l l o w i n g  mode l s  s ta r t ed o u t  a s  c ompl e t e 
mod e l s , but e f f ec t s  w i t h F Va l u e s  l e s s  t ha n  o n e  we r e  
e l i m i n a t e d  and c o mb i n e d  w i th t h e  e rr o r  t e rm to f o rm redu c ed. 
mode l s  ( Tabl e s  A . 2 - A . 4 ) . 
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Tab l e  A . 2 .  Ov e r a l l  n e s t ed fac t o r i a l  ana l ys i s  o f  va r i a n c e  
tabl e s  ( r educ ed mod e l s )  f o r  s w i n e  pe r f o rm a n c e  
b a s e d  o n  t r ea tm e n t s  ( T ) , y e a r s  ( Y ) , pa r i t y ( P ) , 
and c yc l e s  w i th i n  years C ( y ) , n e s t e d  f a c t o r i al 
ana l ys i s  wi th unequal s ubc l as s e s . 
S ou rc e  
T 
y 
C (y )  
p 
P * Y  
P * C ( y )  
E r r o r  




C ( y ) 
T * Y  
T * C ( y )  
p 
E rr o r  
N o t e : 
SWL 
Degr e e s  o f  S um o f  S quare s  F Va l u e  S i g . 
F r e edom Type I I I  
2 1 . 2 9 3 2 6 7 1 2  1 . 6 0 
1 0 . 2 9 3 5 0 1 4 1  0 . 8 1 
3 1 . 0 8 3 1 3 8 1 1 0 . 8 9 
1 3 . 5 3 7 8 3 3 6 3  9 . 7 4 
1 2 . 1 7 9 4 6 3 0 4  6 . 0 0 
3 1 . 0 8 9 7 6 5 7 9  0 . 9 0 
1 1 9 4 8 . 0 2 3 7 5 8 2 5  
Expe c t ed m e an s qu a re s  i nd i cated that th e F v a l u e  
f o r  Y wa s ca l c u l a t ed w i th C ( y )  mean s quar e i n  
t h e  denom i na t o r , P F va l u e  was c a l c u l a t ed w i th P * C ( y ) 
mean s qu a r e  i n  t h e  denom i nator , P * Y  F va l u e  wa s 
c a l c u l a t ed w i t h P * C ( y ) mean s quare i n  t h e  
denom i n a t o r ,  and the rema i nde r o f  t h e  e f f e c t s  u s e  
t h e  e r r o r  m e an s quare . 
S FC 
Deg r e e s  o f  S um o f  S qua r e s 
F r e edom Type I I I  
2 2 . 8 7 7 2 2 6 9 2  
1 1 7 . 6 5 5 3 3 9 8 8  
3 2 1 . 3 0 2 7 6·4 8 4  
2 1 . 5 5 9 1 9 6 4 4  
6 5 . 8 1 1 2 6 9 6 7  
1 1 0 . 0 0 0 5 9 1 4 9 
1 1 5 4 3 . 3 2 2 5 3 9 8 3  
F Va l ue 
1 . 4 8 
2 . 4 9 
1 8 . 8 5 
0 . 8 0 
2 . 5 7 
2 6 . 5 5 
S i g . 
* *  
* 
* * 
Expe c t ed mean s qu a r e s  i nd i c a t ed that t h e  F va l u e  
f o r  T wa s c a l cu l a t ed w i th T * C ( y )  mean s quar e i n  t h e  
denom i nato r ,  Y wa s c a l cu l a t ed w i t h C ( y )  m e an s qu a r e  
i n  t h e  denom i na t o r , T * Y  F value w a s  c a l c u l a t ed w i th 
T * C ( y )  mean s qu a r e  i n  the denom i na t o r , t h e  
rema i nd e r  o f  t h e  e f f e c t s  u s e  th e e r r o r  m ean 
s quare . 
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T * C  
E r r o r  
N o t e : 
S ou rc e  
T 
y 
T * Y  
p 
E r r o r  
N o t e : 
BFL 
Deg r e e s  o f  S um o f  S qua r e s  F Va l u e  S i g . 
F r e edom Type I I I  
2 0 . 0 1 8 5 2 9 4 1 0 . 3 7 
2 0 . 0 7 0 0 7 8 4 7  3 . 4 4 * 
4 0 . 0 9 9 8 0 3 0 9  2 . 4 5 
7 8  0 . 7 9 3 8 1 3 3 9  
C yc l e s  ( C )  r e p l a c ed c yc l e s w i th i n yea r s  d u e  t o  
bac k fa t s  o n l y  be i ng mon i t o red dur i ng 1 9 8 7 . C yc l e s  
we r e  random , t h u s  T F val u e wa s c a l c u l a t ed w i t h  
T * C  mean s qu a r e s i n  the denom i na t o r , and t h e  
r ema i nd e r  o f  t h e  e f f e c t s  u s e  t h e  e r r o r  m e a n  s qu a r e . 
RTE 
Deg r e e s  o f  S um o f  S qua r e s  F Va l u e  S i g . 
F r e e dom Type I I I  
2 4 . 6 4 3 5 5 9 2 1 0 .  1 6  
1 2 6 . 8 9 2 7 5 4 5 7  1 . 8 0 
2 7 6 . 4 2 6 6 4 2 0 8  2 . 5 6 
1 9 5 . 6 6 5 0 1 0 8 8  6 . 4 2 * 
1 1 7 1 7 4 4 . 5 0 4 1 9 7 3 3  
Expec t ed mean s qu a r e s  i nd i cat ed t h at a l l  F va l u e s  
we r e  c a l c u l a t e d  u s i ng e r r o r  m ean s qu a r e . 
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Tabl e A . 2 .  ( c o n t i nu e d ) 
PG7 
S ourc e Deg r e e s  o f  S u m  o f  S qua r e s  F Va l u e  S i g . 
F r e edom 
T 2 
y 1 
T * Y  2 
C ( y } 3 
T * C ( y ) 6 
p 1 
T * P  2 
P * Y  1 
T * Y * P  2 
P * C ( y )  3 
Type I I I  
0 . 0 0 1 2 2 1 4 4 
0 . 0 0 4 0 5 7 1 0  
0 . 0 0 0 8 7 9 5 8 
0 . 0 0 5 2 8 4 9 9  
0 . 0 0 4 7 3 0 9 4  
0 . 0 0 0 0 6 2 6 5  
0 . 0 0 0 1 5 4 3 6  
0 . 0 0 0 7 2 9 9 9  
0 . 0 0 1 8 5 0 0 7  
0 . 0 0 0 0 1 0 7 8  
0 . 7 7 
2 . 3 0 
0 . 5 6 
0 . 8 2 
0 . 3 7 
1 7 . 4 3 
1 . 0 1 
2 0 3 . 1 3 
1 2 . 0 8 
0 . 0 0 
* 
* *  
* *  
T * C ( y ) * P 6 0 . 0 0 0 4 5 9 3 2  0 . 0 4 
E rr o r  
N o t e : 
S o u r c e  
T 
y 
T * Y  
C ( y )  
E r r o r  
N o t e : 
1 0 1  0 . 2 1 6 9 2 7 5 1  
-
Expe c t e d  mean s qu a r e s  i nd i c a t e d  that t h e  F va l u e  
f o r  Y wa s c a l c u l a t e d  w i th C ( y )  mean s qu a r e  i n  
t h e  denom i n a t o r , T F val ue wa s c a l cu l a t ed w i t h T * C ( y ) 
mean s qu a r e  i n  t h e  d e n om i na to r , P F val u e wa s 
c a l c u l a t e d  w i t h P * C ( y )  mean square i n  t h e  d e n om i na to r , 
T * P  F va l u e wa s c a l c u l a ted w i th T * C ( y ) * P m e an s quar e  
i n  the d e n om i na t o r , P * Y  F va l u e  wa s c a l cu l a t e d  w i th 
P * C ( y ) m e a n  s qu a r e  i n  t h e  denom i na t o r , T * Y  F 
va l u e  wa s c a l c u l a ted w i th T * C ( y ) mean s qua r e  i n  
t h e  denom i na t o r , T * Y * P  F va l u e  was c a l cu l a t ed 
wi th T * C ( y ) * P ,  and t h e  rema i nd e r  o f  t h e . e f f e c t s  
u s e  the e r r o r  m e an s qua r e . · ·  
PGW 
De g r e e s · o f  Sum o f  S qua r e s  F Va l u e  . S i g . 
F r e ed o m  Type I I I  
2 0 . 0 0 6 1 1 7 9 6  2 . 4 9 
1 0 . 0 0 2 4 9 5 2 5  2 . 0 3 
2 0 . 0 1 6 1 2 9 1 4  6 . 5 8 * *  
3 0 . 0 0 6 4 8 6 4 7  1 . 7 6 
1 2 3  0 . 1 5 0 8 2 6 8 4  
Expe c t ed mean s qua r e s  i nd i c a t ed t h a t  t h e  F v a l u e 
f o r  Y wa s c a l c u l a t e d  w i th C ( y ) mean s qua r e  i n  
t h e  denom i na t o r , and t h e  r ema i nd e r  o f  t h e  e f f e c t s  
u s e  t h e  e r r o r  mean s qua re . 
* *  - I n d i c a t e s  s i g n i f i canc e a t  t h e  P < O . O l l e v e l  
* - I n d i c a t e s  s i gn i f i cance at the P < 0 . 0 5 - l ev e l 
T ab l e  A . 3 .  An a l ys i s  o f  var i an c e  t ab l e s  ( redu c ed mod e l ) 
f o r  sw i ne pe r fo rmanc e  bas ed o n  t r e a t m e n t s  ( T ) , 
c yc l e s  ( C ) , and pa r i t y ( P ) on t h o s e  s ow s  t h a t  
we r e  e xpo s ed t o  at l eas t t e n  d a y s  o f  av e r a g e  
out s i d e  t e mpe r a t u r e  a t  o r  abo ve 2 3 � 9  C ( 7 5  F ) , 
fa c t o r i a l  ana l ys i s  w i th une qua l s u bc l a s s e s . 
S o u r c e  Deg r e e s o f  
F r e edom 
T 2 
c 2 
T * C  1 
p 1 
T * P  2 
C * P  2 
T * C * P  1 
E r ro r 3 2  




T * C  1 
p 1 
T * P  2 
C * P  2 
T * C * P  1 
E r r o r  3 1  
S o ur c e  Deg r e e s  o f  
F r e edom 
T 2 
c 2 
T * C  1 
p 1 
T * P  2 
C * P  2 
T * C * P  1 
E r r o r  3 2  
SWL 
S um of S quares 
Type I I I  
4 . 1 9 9 6 7 5 3 9  
5 . 2 6 2 8 0 5 3 2  
2 . 6 4 0 7 8 3 6 3  
0 . 6 2 3 4 5 9 7 9  
1 . 9 5 9 6 8 7 8 3  
3 . 6 9 3 4 4 5 0 5  
0 . 3 6 2 2 8 9 1 3  
6 . 3 7 5 8 8 2 0 7  
S FC 
S um o f  S qua r e s  
Type I I I  
2 . 6 6 6 3 8 0 4 1 
5 .  0 4 3 8 5.6 4 2  
2 . 8 5 2 7 7 9 7 2  
1 . 8 0 4 5 1 6 9 5  
5 . 0 1 5 8 4 0 9 2  
5 . 1 8 7 2 0 9 5 3  
0 . 7 3 3 3 3 6 7 8  
7 . 4 0 4 1 2 6 9 8  
BFL 
S um of S qua r e s  
Type I I I  
0 . 0 2 2 2 7 8 6 2  
0 . 0 4 2 1 0 9 3 6 
0 . 0 0 7 8 8 2 5 5  
0 . 0 1 4 9 6 0 0 9  
0 . 0 0 2 4 0 5 0 3  
0 . 0 2 1 2 2 1 5 8 
0 . 0 0 4 6 3 8 7 9  
0 . 4 2 5 9 6 8 9 8  
F Va l ue S i g . 
0 . 8 0 
1 3 . 2 1 * *  
1 3 . 2 5 * *  
0 . 7 0 
2 . 7 0 
9 . 2 7 * *  
1 . 8 2 
F Va l u e S i g . 
0 . 4 7 
1 0 . 5 6 * *  
1 1 . 9 4 * *  
0 . 7 0 
3 . 4 2 
1 0 . 8 6 * * 
3 . 0 7 
F Va l u e  S i g . 
1 . 4 1 
1 . 5 8 
0 . 5 9 
1 . 4 1 
0 . 2 6 
0 . 8 0 
0 . 3 5 
8 6  
8 7  
Tab l e  A . 3 .  ( c ont i nued ) 
RTE 
S ou r c e  De g ree s o f  S um o f  S qua r e s  F Va l u e  S i g . 
T 
c 
T * C  
p 
T * P  
C * P  
T * C * P  




C * P  
E r r o r  
S ou r c e  
T 
c 
T * C  
E r r o r  
N o t e s : 








2 8  
D e g r e e s  o f  




3 8  
D e g r e e s  o f  




3 8  
Type I I I  
1 5 . 7 4 6 5 1 1 0 3 
1 1 . 6 5 5 0 3 1 3 9 
3 . 9 7 0 5 8 8 2 4  
1 3 . 9 2 8 9 2 5 6 2  
7 . 0 7 0 4 5 4 6 9  
8 . 8 3 5 1 7 2 1 5  
5 . 1 0 0 0 0 0 0 0  
2 5 0 . 1 6 6 6 6 6 6 7  
PG7 
S um of S qua r e s  
Type I I I  
0 . 0 0 6 6 5 1 6 7  
0 . 0 0 0 0 6 8 1 6  
0 . 0 0 2 7 1 5 1 6  
0 . 0 3 5 6 2 1 9 5  
PGW 
S um of S qua r e s  
Type I I I  
0 . 0 1 9 9 3 7 8 4  
0 . 0 0 7 6 9 6 0 9  
0 . 0 0 2 1 2 2 6 7  
0 . 0 3 1 2 7 5 3 3  
1 . 9 8 
0 . 6 5 
0 . 4 4 
3 . 1 5 
0 . 6 9 
0 . 4 9 
0 . 5 7 
F Va l ue 
3 . 5 5 
0 . 0 5 
1 . 4 5 
F Va l ue 
4 . 7 0 
4 . 6 8 
2 . 5 8 
S i g . 
* 
S i g . 
* 
T reatme n t s  and pa r i t i e s were cons i de r e d  f i x ed 
e f f ec t s , and c yc l e s  we r e  c ons 1 de r ed random . Expec t ed 
mean s qua r e s  i nd i c a t e d  t h a t  t h e  F va l u e  f o r  T was 
c a l c u l a t ed w i th T * C  mean s quare i n  t h e  de n o m i n a t o r , 
P F v a l u e  w a s  c a l c u l a t ed w i th C * P  mean s q u a r e  i n  
t h e  denom i n a t o r ,  T * P  F va l ue wa s c a l c u l a t e d  w i t h  
T * C * P mean s qu a r e  i n  t h e  denom i na t o r ,  t h e  r e ma i nd e r  
o f  t h e  e f f ec t s  u s e  t h e  e r ro r  mean s qua r e . 
* *  - I nd i c a t e s  s i gn i f i cance a t  the P < 0 . 0 1 l e ve l 
* I nd i c a t e s  s i g n i f i c ance a t  t h e  P < 0 . 0 5 l e ve l 
Tab l e  A . 4 .  Ana l ys i s  o f  var i an c e  tab l e s  ( reduc e d  mod e l ) 
f o r  s w i ne pe r f o rmanc e based on t r e a tm e n t s  ( T ) , 
c yc l es ( C ) , and par i t y ( P )  on tho s e  s ow s  t h a t  
w e r e  e x po s ed t o  at l e a s t  two days o f  a v e r a g e  
ou ts i de t empe r a t u r e  at o r  above 2 6 . 7  C ( 8 0 F ) , 
fact o r i a l ana l ys i s  w i th un equa l s ubc l a s s e s . 
SWL 
S o u rc e  De g re e s  o f  S um o f  S quare s F Va l ue S i g . 
F r e edom Type I I I  
T 2 0 . 6 6 8 1 9 6 4 8  0 . 2 1 
· c 2 3 . 3 6 5 8 2 0 3 3  8 . 9 1 * ' 
T * C  3 4 . 8 2 5 6 9 0 1 8  8 . 5 1 * *  
p 1 0 . 8 6 8 5 2 3 4 7  0 . 4 9 
T * P  2 1 . 8 4 8 2 2 7 0 3  3 . 7 1 
C * P  2 3 . 5 6 2 5 9 3 8 4  9 . 4 3 * *  
T * C * P  2 0 . 4 9 8 4 9 9 4 7  1 . 3 2 
E r r o r  3 5  6 . 6 1 2 6 2 1 3 4 
S FC 
S ou r c e  Deg r e e s  o f  S um o f  S qu a r e s  F Va l ue S i g . 
F r e edom Type I I I  
T 2 0 . 1 3 9 1 5 1 2 6 0 . 0 2 
c 2 8 . 5 6 1 1 5 1 9 8  1 8 . 2 3 * *  
T * C  3 8 . 9 1 8 0 5 8 4 0  1 2 . 6 6 * *  
p 1 3 . 3 0 1 0 0 5 2 8  2 . 0 0 
T * P  2 3 . 0 1 5 8 1 4 6 1  1 . 3 2 
C * P  2 3 . 3 0 6 5 1 0 2 8  7 . 0 4 * *  
T * C * P  2 2 . 2 9 2 5 9 9 8 4  4 . 8 8 * 
E r r o r  3 5  8 . 2 2 0 5 5 5 5 6 
B FL· 
S ou rc e  D e g r e e s  o f  S um o f  S qu a r e s  F Va l u e  S i g . 
Fre edom Type I I I 
T 2 0 � 0 1 6 8 1 7 1 3  0 . 1 7  
c 2 0 . 0 7 6 1 5 7 1 8 3 . 0 6 
T * C  3 0 . 1 4 5 7 2 0 2 4  3 . 9 0 * 
p 1 0 . 0 1 8 8 5 3 0 8  1 . 5 1  
E r r o r  4 2  0 . 5 2 3 2 3 9 2 5  
8 8  
8 9  
Tab l e A . 4 .  ( c on t i nu e d ) 
RTE 
S ourc e D e g r e e s  o f  S um o f  S qua r e s  F Va l ue S i g . 
T 
c 
T * C 
E r r o r  
S ourc e 
c 
T 
T * C  
E r ro r  
S ou r c e  
T 
c 
T * C  
E r r o r  
N o t e s : 




3 9  
Deg r e e s  o f  




4 3  





4 3  
Type I I I  
5 6 . 6 2 5 2 8 0 2 7  
1 8 . 9 4 1 2 4 3 2 9 
5 2 . 2 7 2 7 7 7 9 8 
3 1 5 . 6 6 9 6 9 6 9 7  
PG 7 
S um o f  S quares 
Type I I I  
0 . 0 0 9 8 9 9 3 8  
0 . 0 0 1 3 5 5 5 4 
0 . 0 0 5 1 8 2 4 3  
0 .  0 4 Z 6 2 6 0 0 
PGW 
S um o f  S qu a r e s  
Type I I I  
0 . 0 1 7 4 2 3 4 2  
0 . 0 1 2 1 5 7 5 1  
0 . 0 0 8 1 9 3 9 3  
0 . 0 3 6 4 2 1 5 9 
1 . 6 2 
3 . 5 0 
2 . 1 5 
F Va l ue 
4 . 9 9 
0 . 3 9 
1 . 7 4 
F Va l u e 
3 . 1 9  
7 . 1 8 
3 . 2 2 
S i g . 
* 
* *  
* 
T r e a tmen t s  and par i t i e s were c o n s � de r e d  f i x e d  
e f f e c t s , and c yc l e s w e r e  c o n s i de re d  random . E x p ec t ed 
mean s quar e s  i nd i c a t e d  t h a t  t h e  F va l u e f o r  T wa s 
ca l cu l a t e d  w i t h  T * C  mean s quare i n  the d en om i n a t o r , 
P F va l u e wa s c a l c u l a t e d  w i th C * P  �ean s qua r �  i n  
t h e  denom i na t o r , T * P  F va l u e wa s ca l c u l a t e d  w i t h  
T * C * P  mean s qua re i n  t h e  den o• i n at o r , t h e  r e ma i nd e r  
o f  t h e  e f f e c t s  u s e  t h e  e r r o r  mean s qu a r e . 
* *  I nd i c a t e s  s i gn i fi c a n c e  a t  the P < 0 . 0 1 l e ve l 
* - I n d i c a t e s  s i g n i f i cance a t  t h e  P < 0 . 0 5  l e v e l  
f .  
9 0  
Tab l e  A . 5 .  R e g r e s s i on ana l y s i s  o f  s ow r e s p i ra t i on r a t e s  
S o u r c e  De g r e e s  o f  
F r e edom 
R e s p i r a t i on Ra t e s  
Mean S qu a r e s  F 
Type I I I  
V a l u e  S i gn i f i c ance 
T 
X 
X 2  
E r r o r  




5 9 7  
6 1 0 7 3 . 0 2 5 8 5  
2 5 3 2 4 . 7 1 6 0 6  
3 2 4 2 9 . 5 2 3 0 9  
6 2 2 . 4 7 4 2 4  
9 8 . 1 1 
4 0 . 6 8 
5 2 . 1 0 
* *  
* *  
* *  
T - t r e a tme n t s  ( 1  - s n ou t  c o o l , 2 - d r i p  c o o l , and 
3 - con t r o l ) 
X - t empera tu r e - h um i d i ty i ndex deg r e e s  C 
X 2  - t empe ra tu r e - h um i d i ty i ndex s qu a r ed 
* *  - i nd i ca t e s  s i g n i f i canc e a t  t h e  P < 0 . 0 1 l e v e l 
* - i nd i c a t e s  s i g n i f i cance a t  t h e  P < 0 . 0 5 l ev e l  
Regr e s s i on Equat i o n :  
Pa rame t e r  
I n t e rc ept 
T 1 
X 
X 2  
2 
3 
E s t i ma t e  
9 9 8 . 6 8 8 3 4 3 7 3  
- 2 5 . 7 0 5 0 8 2 9 5  
- 3 8 . 4 6 4 8 7 3 8 3  
0 . 0 0 0 0 0 0 0 0  
- 7 5 . 0 7 2 1 0 4 5 3  
1 . 5 1 7 4 6 0 6 5 
0 . 5 3 3  
APPEND I X  B :  Ou t s i de average t empe ra t u r e s  ( dr y  bu l b  and 
dew po i n t ) from t h r e e - h o u r  read i ng s , N a t i o n a l  
W e a t h e r  S e rv i c e  S i oux Fa l l s , S D  
9 2  
Tab l e  B .  Ou t s i de ave r a g e  tempe ratu r e s  ( th r e e  h o u r ) f r om 
t h e  Na t i onal We athe r S e r v i c e S i oux Fa l l s , S D  
Dat e  - da t e s  bas ed o n  1 0 0 0  day c a l e nde r , 
4 1 5  = Ju l y  2 5 , 1 9 8 6  4 7 0  = S ep t embe r  1 8 , 1 9 8 6  
7 2 6  = Jun e  1 ' 1 9 8 7  8 2 5  = S e pt embe r 8 ' 1 9 8 7  
AOT - o u t s i de a v e rage tempe ratu r e s  f r om t h r e e - h o u r  
r e ad i n g s  ( F )  , NWS S i oux Fa l l s , S D  
AOTDP - ou t s i de ave rage dewpo i n t  t empe r a t u r e s  f r o m  
t h r e e - h ou r  read i ng s  ( F ) ' NWS S i o u x  
Fa l l s , S D  
AOTC - ou t s i d e  ave rage tempe ratu r e  ( c )  
AOTDPC - o u t s i de a v e rage �ewpo i n t t empe r a t u r e s  
( c ) 
Da te AOT AOTDP AOTC AOTDPC 
4 1 5  7 4 . 9  6 2 . 5  2 3 . 8  1 6 . 9  
4 1 6 7 7 . 0  6 7 . 1  2 5 . 0  1 9 . 5  
4 1 7  7 4 .  1 6 7 . 8  2 3 . 4  1 9 . 9  
4 1 8  7 4 . 3  6 7 . 8  2 3 . 5  1 9 . 9  
4 1 9  7 3 . 8  6 7 . 1  2 3 . 2  1 9 . 5  
4 2 0 7 4 . 0  6 3 . 9  2 3 . 3  1 7 . 7  
4 2 1  6 8 . 6  5 7 . 0  2 0 . 3  . 1 3 . 9  
4 2 2  6 6 . 3  5 8 . 4  1 9 . 1  1 4 . 7  
4 2 3  6 2 . 6  5 2 . 3  1 7 . 0  . 1 1 . 3 
4 2 4  6 6 . 8  5 1 . 8  1 9 . 3  1 1 . 0  
4 2 5  6 7 . 6  5 9 . 5  1 9 . 8  1 5 . 3  
4 2 6 6 8 . 8  6 1 . 9 2 0 . 4  1 6 . 6  
4 2 7  6"8 .  8 6 2 . 1  2 0 . 4  1 6 . 7  
4 2 8 6 7 . 8  5 7 . 8  1 9 . 9  1 4 . 3  
4 2 9  7 2 . 5  5 2 . 4  2 2 . 5  1 1 . 3  
4 3 0 6 8 . 8  6 0 . 5  2 0 . 4  1 5 . 8  
4 3 1  6 0 . 6  5 1 . 6  1 5 . 9  1 0 . 9  
4 3 2  6 2 . 3  5 2 . 5  1 6 . 8  1 1 . 4 
4 3 3  6 7 . 0  6 1 . 4  1 9 . 4  1 6 . 3  
4 3 4  6 8 . 9  6 5 . 8  2 0 . 5  1 8 . 8  
4 3 5  7 0 . 3  6 0 . 5  2 1 . 3  1 5 . 8  
4 3 6  7 5 . 4  6 3 . 0  2 4 . 1  1 7 . 2  
4 3 7  7 8 . 3  6 7 . 5  2 5 . 7  1 9 . 7  
4 3 8 6 7 . 8  6 1 . 0  1 9 . 9  1 6 . 1  
4 3 9  6 8 . 4  6 2 . 1  2 0 . 2  1 6 . 7  
4 4 0  7 3 . 4  6 6 . 9  2 3 . 0  1 9 . 4  
4 4 1 6 5 . 0  5 9 . 1  1 8 . 3  1 5 . 1 . 
4 4 2  6 1 . 3  4 9 . 8  1 6 . 3  9 . 9  
9 3  
Tabl e B .  ( c o n t i nued ) 
4 4 3  6 6 . 4  5 9 . 0  1 9 . 1  1 5 . 0  
4 4 4  6 2 . 8  5 2 . 9  1 7 . 1  1 1 . 6 
4 4 5  6 6 . 9  6 1 . 1  1 9 . 4  1 6 . 2  
4 4 6 7 5 . 1  6 8 . 8  2 3 . 9  2 0 . 4  
4 4 7  6 1 . 9  5 5 . 6  1 6 . 6  1 3 . 1  
4 4 8  5 1 . 4  4 1 . 8  1 0 . 8  5 . 4  
4 4 9 5 5 . 6  4 1 . 9  1 3 . 1  5 . 5  
4 5 0  6 3 . 9  5 0 . 6  1 7 . 7 1 0 . 3  
4 5 1  7 0 . 3  5 9 . 9  2 1 . 3  1 5 . 5  
4 5 2  7 2 . 0  6 0 . 4  2 2 . 2  1 5 . 8  
4 5 3 6 9 . 9  5 8 . 3  2 1 . 1  1 4 . 6  
4 5 4  6 5 . 9  6 0 . 4  1 8 . 8  1 5 . 8  
4 5 5  6 8 . 5  6 1 . 1  2 0 . 3  1 6 . 2  
4 5 6 6 0 . 8  4 9 . 8  1 6 . 0  9 . 9  
4 5 7  5 7 . 8  4 7 . 4  1 4 . 3  8 . 6  
4 5 8 5 1 . 9  4 0 . 6  1 1 . 1  4 . 8  
4 5 9 5 0 . 6  3 7 . 6  1 0 . 3  3 . 1  
4 6 0  5 5 . 0  4 2 . 8  1 2 . 8  6 . 0  
4 6 1  6 2 . 4 5 7 . 9  1 6 . 9  1 4 . 4  
4 6 2  6 3 . 6  6 1 . 8  1 7 . 6  1 6 . 6  
4 6 3  5 5 . 6  5 2 . 1  1 3 . 1  1 1 . 2  
4 6 4  5 9 . 9  5 1 . 4  1 5 . 5  1 0 . 8  
4 6 5  4 9 . 8  4 3 . 0  9 . 9  6 . 1  
4 6 6  5 4 . 0  5 2 . 8  1 2 . 2  1 1 . 6 
4 6 7  5 1 . 6  4 9 . 0  1 0 . 9  9 . 4  
4 6 8  5 3 . 4 · 5 2 . 1  1 1 . 9  1 1 . 2 
4 6 9  6 4 . 9  6 2 . 1  1 8 . 3  1 6 . 7  
4 7 0  5 4 . 8  5 2 . 3  1 2 . 7  1 1 . 3  
7 2 6 6 9 . 4  5 5 . 0  2 0 . 8  1 2 . 8  
7 2 7  5 9 . 4  4 3 . 0  1 5 . 2  6 . 1  
7 2 8 5 8 . 8  4 1 . 5  1 4 . 9  5 . 3  
7 2 9 6 8 . 3  4 8 . 3  2 0 . 2  9 .  1 -
7 3 0 7 7 . 1  5 2 . 5  2 5 . 1  1 1 . 4  
7 3 1  8 0 . 8  5 4 . 4  2 7 . 1  1 2 . 4  
7 3 2  7 8 . 1  5 9 . 9  2 5 . 6  1 5 . 5  
7 3 3  6 9 . 8  5 3 . 5  2 1 . 0  1 1 . 9  
7 3 4  5 9 . 4  5 0 . 4  1 5 . 2  1 0 . 2  
7 3 5  6 7 . 4  6 3 . 3  1 9 . 7  1 7 . 4  
7 3 6  7 5 . 9  6 2 . 8  2 4 . 4  1 7 . 1  
7 3 7  7 8 . 5  8 0 . 1  2 5 . 8  2 6 . 7  
7 3 8 8 0 . 1  5 8 . 8  2 6 . 7  1 4 . 9  
7 3 9 7 9 . 1  5 6 . 3  2 6 . 2  1 3 . 5  
7 4 0 7 6 . 0  5 0 . 1  2 4 . 4  1 0 . 1  
7 4 1  8 1 . 3  6 3 . 8  2 7 . 4  1 7 . 7  
7 4 2  7 5 . 8  6 5 . 4  2 4 . 3  . 1 8 . 6  
7 4 3 7 6 . 9  6 3 . 4  2 4 . 9  1 7 . 4  
7 4 4  7 3 . 8 6 3 . 0  2 3 . 2  1 7 . 2  
7 4 5 7 3 . 8  6 6 � 5 . 2 3 . 2  1 9 . 2  
9 4  
Tab l e  B .  ( c o n t i nued ) 
7 4 6  7 8 . 0  6 6 . 8  2 5 . 6  1 9 . 3  
7 4 7  8 2 . 1  6 4 . 3  2 7 . 8  1 7 . 9  
7 4 8  7 2 . 1  5 4 . 9  2 2 . 3  1 2 . 7  
7 4 9  6 6 . 9  5 8 . 9  1 9 . 4  1 4 . 9  
7 5 0  6 6 . 5  5 2 . 5  1 9 . 2  1 1 . 4  
7 5 1  6 2 . 1  4 6 . 6  1 6 . 7  8 . 1  
7 5 2  6 9 . 5  4 9 . 4  2 0 . 8  9 . 7  
7 5 3  7 2 . 6  5 9 . 1  2 2 . 6  1 5 . 1  
7 5 4  6 4 . 6  5 5 . 0  1 8 . 1  1 2 . 8  
7 5 5  6 5 . 3  4 8 . 9  1 8 . 5  9 . 4  
7 5 6 7 2 . 9  5 3 . 4  2 2 . 7  1 1 . 9  
7 5 7  7 0 . 5  4 9 . 5  2 1 . 4  9 . 7  
7 5 8  6 7 . 5  5 4 . 3  1 9 . 7  1 2 . 4  
7 5 9  6 9 . 8  6 2 . 6  2 1 . 0  1 7 . 0  
7 6 0  7 4 . 3  6 5 . 6  2 3 . 5  1 8 . 7  
7 6 1 7 7 . 1  6 5 . 6  2 5 . 1  1 8 . 7  
7 6 2  7 4 . 8  6 3 . 5  2 3 . 8  1 7 . 5  
7 6 3  7 1 . 6  6 5 . 0  2 2 . 0  1 8 . 3  
7 6 4  7 5 . 6  6 7 . 4  2 4 . 2  1 9 . 7  
7 6 5  7 7 . 0  6 8 . 6  2 5 . 0  2 0 . 3  
7 6 6 7 3 . 1  6 7 . 1  2 2 . 8  1 9 . 5  
7 6 7  6 3 . 1  5 6 . 4  1 7 . 3  1 3 . 6  
7 6 8  6 4 . 6  5 0 . 3  1 8 . 1  1 0 . 2  
7 6 9  6 9 . 5  5 5 . 1  2 0 . 8  1 2 . 8  
7 7 0  7 2 . 1  5 9 . 4  2 2 . 3  1 5 . 2  
7 7 1  8 0 . 1 · 6 5 . 1  2 6 . 7  1 8 . 4  
7 7 2  7 9 . 9  6 7 . 9  2 6 . 6  1 9 . 9  
7 7 3  7 4 . 0  6 9 . 0  2 3 . 3  2 0 . 6  
7 7 4  7 9 . 8  7 1 . 1  2 6 . 6  2 1 . 7  
7 7 5  8 3 . 3  6 9 . 6  2 8 . 5  2 0 . 9  
7 7 6  7 8 . 9  6 8 . 6  2 6 . 1  2 0 . 3  
7 7 7 8 2 . 0  6 6 . 9  2 7 . 8 1 9 . 4 · 
7 7 8  8 3 . 0  6 9 . 1  2 8 . 3  2 0 . 6  
7 7 9  7 3 . 3  6 7 . 8  2 2 . 9  1 9 . 9  
7 8 0  8 1 . 4  7 0 . 9  2 7 . 4  2 1 . 6  
7 8 1  8 6 . 4  6 9 . 6  3 0 . 2  2 0 . 9  
7 8 2  8 6 . 0  6 7 . 9  3 0 . 0  1 9 . 9  
7 8 3  8 6 . 5  6 9 . 9  3 0 . 3  2 1 . 1 
7 8 4  8 7 . 1  6 8 . 4  3 0 . 6  2 0 . 2  
7 8 5  8 6 . 8  6 9 . 6  3 0 . 4  2 0 . 9  
7 8 6 8 8 . 3  6 8 . 1  3 1 . 3 2 0 . 1 
7 8 7  8 3 . 1  6 9 . 6  2 8 . 4  2 0 . 9  
7 8 8  8 2 . 6  6 6 . 9  2 8 . 1  1 9 . 4  
7 8 9 7 4 . 3  6 0 . 0  2 3 . 5  1 5 . 6  
7 9 0  6 7 . 4  5 5 . 0  1 9 . 7  1 2 . 8  
7 9 1  7 4 � 3  6 0 . 0  2 3 . 5  1 5 . 6  
7 9 2  7 2 . 8 6 0 . 4  2 2 . 7  1 5 . 8  
7 9 3  7 0 . 5  6 4 . 6  2 1 . 4  1 8 . 1  
9 5  
Tab l e  B .  ( c o n t i n u e d ) 
7 9 4  6 8 . 5  6 4 . 3  2 0 . 3  1 7 . 9  
7 9 5  7 3 . 3  6 1 . 3  2 2 . 9  1 6 . 3  
7 9 6  7 7 . 3  6 2 . 0  2 5 . 2  1 6 . 7  
7 9 7  7 9 . 0  6 5 . 6  2 6 . 1  1 8 . 7  
7 9 8 7 8 . 5  6 0 . 3  2 5 . 8  1 5 . 7  
7 9 9  7 0 . 9  6 1 . 1  2 1 . 6  1 6 . 2  
8 0 0  7 4 . 8  6 7 . 6  2 3 . 8  1 9 . 8  
8 0 1 8 0 . 9  7 0 . 8  2 7 . 2  2 1 . 6  
8 0 2  6 9 . 8  6 2 . 9  2 1 . 0  1 7 . 2  
8 0 3  6 6 . 9  5 3 . 6  1 9 . 4  1 2 . 0  
8 0 4  6 4 . 6  4 9 . 8  1 8 . 1  9 . 9  
8 0 5  6 3 . 8  5 3 . 5  1 7 . 7  1 1 . 9  
8 0 6  6 9 . 7  6 3 . 1  2 0 . 9  1 7 . 3  
8 0 7  7 4 . 0  6 5 . 3  2 3 . 3  1 8 . 5  
8 0 8  6 0 . 3  4 8 . 4  1 5 . 7  9 .  1 
8 0 9  6 1 . 4  4 2 . 6  1 6 . 3  5 . 9  
8 1 0  5 6 . 6  4 9 . 8  1 3 . 7  9 . 9  
8 1 1  5 4 . 3  5 2 . 3  1 2 . 4  1 1 . 3  
8 1 2  5 8 . 0  .5 4 . 0 1 4 . 4  1 2 . 2  
8 1 3  5 9 . 1  5 5 . 1  1 5 . 1 1 2 . 8  
8 1 4  6 1 . 1  5 2 . 6  1 6 . 2  1 1  . 4 
8 1 5  7 2 . 0  5 6 . 9  2 2 . 2  1 3 . 8  
8 1 6  6 0 . 3  4 8 . 8  1 5 . 7  9 . 3  
8 1 7  6 0 . 0  4 0 . 4  1 5 . 6  4 . 7  
8 1 8 6 7 . 3  2 9 . 1  1 9 . 6  - 1 . 6  
8 1 9  6 3 . 4 · 4 9 . 9  1 7 . 4  9 . 9  
8 2 0  7 0 . 8  5 8 . 0  2 1 . 6  . 1 4 . 4 
8 2 1 7 7 . 0  6 1 . 4  2 5 . 0  1 6 . 3  
8 2 2  6 9 . 0  6 1 . 1  2 0 . 6  1 6 . 2  
8 2 3  6 6 . 0  5 5 . 3  1 8 . 9  1 2 . 9  
8 2 4  6 3 . 4  5 2 . 8  1 7 . 4  1 1 . 6  
8 2 5  6 2 . 3  4 5 . 8  1 6 . 8  7 .  7. 
APPEND I X  C :  S ow r e s p i r a t i on r a t e s  and r o om t empe r a t u r e s  
f o r  c o n t ro l , snout c o o l , and d r i p  c oo l  s ows 
Tab l e  C . 1 .  C o nt r o l r oom r e s p i r a t i o n rat e s , w e t  and d r y  
bu l b  t empe r a t u re s , and t empe r a t u r e - h um i dt y  
i ndexe s 
Con s ow r e s p i rat i on r a t e s  ( brea t h s / m i n ) 
C o n  Tdb - c on t r o l  r oom t empe r a t u r e  dry bu l b  ( F )  
C o n  Twb - c on t r o l  r o om tempe rature wet bu l b  ( F )  
Con i n  - c on t r o l  r o o m  tempe r atur e - h um i d i t y  i nd e x  
( 0 . 7 5 * Co n  Tdb+ 0 . 2 5 * Con Twb , F )  
C o n i ne - c on t r o l  r o o m  t empe r a t u r e - h um i d i t y  i nd e x  
( C )  
Con Con Tdb C o n  Twb C o n  i n  C o n  i nC 
8 2  . . o 7 9 . 0  7 3 . 0  7 7 . 5 0 2 5 . 2 8 
6 3 . 0  7 9 . 0  7 3 . 0  7 7 . 5 0 2 5 . 2 8 
5 9 . 0  7 9 . 0  7 3 . 0  7 7 . 5 0 2 5 . 2 8 
7 5 . 0  7 9 . 0  7 3 . 0  7 7 . 5 0 2 5 . 2 8 
7 5 . 0  8 0 . 0  7 3 . 0  7 8 . 2 5 2 5 . 6 9 
5 2 . 0  8 0 . 0  7 3 . 0  7 8 . 2 5 2 5 . 6 9 
9 0 . 0  8 0 . 0  7 3 . 0  7 8 . 2 5 2 5 . 6 9 
6 8 . 0  8 0 . 0  7 3 . 0  7 8 . 2 5  2 5 . 6 9 
7 2 . 0  8 0 . 0  . 7 1 . 0  7 7 . 7 5 2 5 . 4 2 
8 0 . 0  8 0 . 0  7 1 . 0  7 7 . 7 5 2 5 . 4 2 
7 6 . 0  8 0 . 0  7 1 . 0 7 7 . 7 5 2 5 . 4 2 
8 8 . 0  8 0 . 0  7 1 . 0  7 7 . 7 5 2 5 . 4 2 
7 6 . 0  8 1 . 0  7 2 . 0  7 8 . 7 5 2 5 . 9 7 
8 4 . 0  8 1 . 0  7 2 . 0  7 8 . 7 5 2 5 . 9 7 
7 2 . 0  8 1 . 0  7 2 . 0  7 8 . 7 5 2 5 . 9 7 . 
7 5 . 0  8 1 � 0  7 2 . 0  7 8 . 7 5 . 2 5· .  9 7  
7 4 . 0  8 0 . 0  7 1 . 0  7 7 . 7 5 2 5 . 4 2 
8 6 . 0  8 0 . 0  7 1 . 0  7 7 . 7 5 2 5 . 4 2 
7 6 . 0  8 0 . 0  7 1 . 0  7 7 . 7 5 2 5 . 4 2  
8 6 . 0  8 0 . 0  7 1 · . 0 7 7 . 7 5 2 5 . 4 2 
6 0 . 0  8 1 . 0  7 1 . 5  7 8 . 6 3 2 5 . 9 0 
6 6 . 0  8 1 . 0  7 1 . 5  7 8 . 6 3 2 5 . 9 0 
7 0 . 0  8 1 . 0  7 1 . 5  7 8 . 6 3 2 5 . 9 0 
1 2 0 . 0  8 1 . 0  7 1 . 5  7 8 . 6 3 2 5 . 9 0 
8 5 . 1  8 6 . 0  7 4 . 5  8 3 . 1 3 2 8 . 4 0 
7 5 . 0  8 6 . 0  7 4 . 5  8 3 . 1 3 2 8 . 4 0 
1 9 . 3  7 8 . 0  6 8 . 5  7 5 . 6 3 2 4 . 2 4 
2 8 . 8  7 8 . 0  6 8 . 5  7 5 . 6 3 2 4 . 2 4 
. 4 7 . 0  7 9 � 0  6 7 . 5  7 6 . 1 3  2 4 . 5 1 
6 0 . 0  7 9 . 0  6 7 . 5  7 6 . 1 3 2 4 . 5 1 
3 5 . 3  7 8 . 0  6 7 . 0  7 5 . 2 5 2 4 . 0 3 
9 7  
9 8  
Tab l e  C . l .  ( co n t i nued ) 
3 2 . 7  7 8 . 0  6 7 . 0  7 5 . 2 5 2 4 . 0 3 
4 2 . 7  7 9 . 0  6 4 . 0  7 5 . 2 5 2 4 . 0 3 
3 8 . 3  7 9 . 0  6 4 . 0  7 5 . 2 5 2 4 . 0 3  
6 2 . 7  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
5 0 . 7  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
4 5 . 3  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
5 2 . 0  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
7 7 . 3  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
5 0 . 7  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
5 4 . 7  8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
5 7 . 3 8 3 . 0  6 8 . 0  7 9 . 2 5 2 6 . 2 5 
5 8 . 7  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7  
4 0 . 0  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
6 9 . 3  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
6 1 . 3  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
9 2 . 0  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
5 6 . 0  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
6 4 . 0  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
3 0 . 7  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
7 5 . 7  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
9 4 . 0  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
1 3 5 . 5  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
7 1 . 3  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
6 4 . 3  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1  
7 6 . 9  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
9 7 . 1  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
9 0 . 9  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1  
7 8 . 9  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
6 5 . 6  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
1 0 3 . 1 8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
1 0 5 . 9  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1  
5 2 . 9  8 5 . 5  7 7 . 0  8 3 . 3 8 2 8 . 5 4  ' 
6 8 . 6  8 5  .· 5 7 7 . 0  8 3 . 3 8 2 8 . 5 4 
8 0 . 8  8 5 . 5  7 7 . 0  8 3 . 3 8 2 8 . 5 4 
1 0 0 . 0  8 5 . 5  7 7 . 0  8 3 . 3 8 2 8 . 5 4 
1 2 7 . 3 8 8 . 0  7 4 . 0  8 4 . 5 0 2 9 . 1 7 
1 1 1 . 6  8 8 . 0  7 4 . 0  8 4 . 5 0 2 9 . 1 7 
1 3 0 . 0  8 8 . 0  7 4 . 0  8 4 . 5 0 2 9 . 1 7 
1 0 0 . 0  8 8 . 0  7 4 . 0  8 4 . 5 0 2 9 . 1 7 
9 4 . 7  8 9 . 5  7 3 . 0  8 5 . 3 8 2 9 . 6 5 
1 3 1 . 3  8 9 . 5  7 3 . 0  8 5 . 3 8 2 9 . 6 5 
1 0 2 . 9  8 9 . 5  7 3 . 0  8 5 . 3 8 2 9 . 6 5 
1 1 3 . 8  8 9 . 5  7 3 . 0  8 5 . 3 8 2 9 . 6 5 
8 5 . 7  9 1 . 0  7 4 . 0  8 6 . 7 5 3 0 . 4 2 
1 6 1 . 5  9 1 . 0  7 4 . 0  8 6 . 7 5 3.0 .  4 2  
1 3 0 . 0  9 1 . 0  7 4 . 0  8 6 . 75 3 0 . 4 2 
1 2 1 . 6  9 1 . 0  7 4 . 0  8 6 . 7 5 3 0 . 4 2 
1 4 1 . 7  9 1 . 0  7 3 . 5  8 6 . 6 3 3 0 . 3 5 
9 9  
Tab l e  C . 1 .  ( c o n t i nued ) 
1 1 5 . 4  9 1 . 0  7 3 . 5  8 6 . 6 3 3 0 . 3 5  
1 4 4 . 8  9 1 . 0  7 3 . 5  8 6 . 6 3 3 0 . 3 5 
1 5 5 . 2  9 1 . 0  7 3 . 5  86 . 6 3 3 0 . 3 5 
1 1 1  . 1 9 2 . 0  7 3 . 5  8 7 . 3 8 3 0 . 7 6 
1 6 5 . 5  9 2 . 0  7 3 . 5  8 7 . 3 8 3 0 . 7 6 
1 5 0 . 0  9 2 . 0  7 3 . 5  8 7 . 3 8 3 0 . 7 6 
1 4 4 . 0  9 2 . 0  7 3 . 5  8 7 . 3 8 3 0 . 7 6 
7 7 . 8  9 0 . 0  7 9 . 0  8 7 . 2 5 3 0 . 6 9 
1 5 4 . 8  9 0 . 0  7 9 . 0  8 7 . 2 5 3 0 . 6 9 
1 8 0 . 0  9 0 . 0  7 9 . 0  8 7 . 2 5 3 0 . 6 9 
2 0 0 . 0  9 0 . 0  7 9 . 0  8 7 . 2 5 3 0 . 6 9 
1 7 3 . 1 9 0 . 5  7 9 . 0  8 7 . 6 3 3 0 . 9 0 
1 7 5 . 0  9 0 . 5  7 9 . 0  8 7 . 6 3 3 0 . 9 0 
5 4 . 5  9 0 . 5  7 9 . 0  8 7 . 6 3 3 0 . 9 0 
1 7 1 . 4  9 0 . 5  7 9 . 0  8 7 . 6 3 3 0 . 9 0 
1 9 2 . 0  9 3 . 0  7 9 . 5  8 9 . 6 3 3 2 . 0 1 
1 8 0 . 0  9 3 . 0  7 9 . 5  8 9 . 6 3 3 2 . 0 1 
2 4 0 . 0  9 3 . 0  7 9 . 5  8 9 . 6 3 3 2 . 0 1 
6 0 . 0  9 3 . 0  7 9 . 5  8 9 . 6 3 3 2 . 0 1 
1 6 3 . 6  9 2 . 0  7 8 . 0  8 8 . 5 0 3 1 . 3 9 
1 8 0 . 0  9 2 . 0  7 8 . 0  8 8 . 5 0 3 1 . 3 9 
2 0 0 . 0  9 2 . 0  7 8 . 0  8 8 . 5 0 3 1 . 3 9 
1 9 2 . 9  9 2 . 0  7 8 . 0  8 8 . 5 0  3 1 . 3 9 
1 0 4 . 0  8 9 . 5  7 9 . 5  8 7 . 00 3 0 . 5 6 
1 0 6 . 0  8 9 . 5  7 9 . 5  8 7 . 0 0 3 0 . 5 6  
1 3 2 . 0  8 9 . 5  . 7 9 . 5  8 7 . 0 0 3 0 . 5 6 
8 0 . 0  8 9 . 5  7 9 . 5  8 7 . 00 3 0 . 5 6 
1 0 4 . 0  8 9 . 5  8 0 . 0  8 7 . 1 3 3 0 . 6 3 
9 8 . 0  8 9 . 5  8 0 . 0  8 7 . 1 3 3 0 . 6 3 
1 1 0 . 0  8 9 . 5  8 0 . 0  8 7 . 1 3 3 0 . 6 3 
1 2 6 . 0  8 9 . 5  8 0 . 0  8 7 . 1 3 3 0 . 6 3 
3 6 . 6  7 9 . 0  7 8 . 5  7 8 . 8 8 2 6 . 0 4 . 
5 5 . 3  7 9  .· o 7 8 . 5  7 8 . 8 8 2 6 . 0 4 
4 8 . 6  7 9 . 0  7 8 . 5  7 8 . 8 8 2 6 . 0 4 
6 2 . 8  7 9 . 0  7 8 . 5  7 8 . 8 8 2 6 . 0 4 
1 0 7 . 1 8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
5 1 . 4  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
8 1 . 8  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
1 1 2 . 5  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
8 8 . 2  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
3 7 . 7  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
8 8 . 9  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
8 7 . 5  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
7 2 . 7  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
1 0 5 . 4  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
1 2 4 . 1 8 4  . · 5 · 7 3 . 0  8 1 . 6 3 2 7 . 5 7 
1 0 3 . 1 8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
1 0 0 
Tab l e  C . 2 .  S no u t  c o o l r o o m  r e s p i r at i on ra t e s , w e t  and d r y  
bulb t em p e r a t u r e s , and temp e r a t u re - h um i d i t y  
i ndex e s  
s c  - s ow r e s p i rat i on r a t e s  ( br e a t h s / m i n ) 
sc Tdb - s c  room t empe r a t u r e  dry bu lb ( F )  
sc Twb - s c  room t empe r a t u r e  wet bu lb ( F )  
S C i n  - s n o u t  c o o l  t empe ra t u r e -hum i d i t y  i nd e x  
( 0 . 7 5 * SC Tdb+ 0 . 2 5 * SC Twb , F )  
S C i nC - s n o u t  c o o l  t empe r a t u r e - h um i d i t y  i ndex 
( c )  
sc sc Tdb SC Twb S C i n  S C i nC 
6 7 . 0  7 9 . 0  7 4 . 0  7 7 . 7 5 2 5 . 4 2 
5 5 . 0  7 9 . 0  7 4 . 0  7 7 . 7 5 2 5 . 4 2 
7 4 . 0  7 9 . 0  7 3 . 0  7 7 . 5 0 2 5 . 2 8 
7 5 . 0  7 9 . 0  7 3 . 0  7 7 . 5 0 2 5 . 2 8 
4 7 . 0  7 9 . 0  7 4 . 0  7 7 . 7 5 2 5 . 4 2 
3 2 . 0  8 1 . 0  7 3 . 0  7 9 . 0 0 2 6 . 1 1 
4 2 . 0  8 1 . 0  7 3 . 0  7 9 . 0 0 2 6 . 1 1 
6 0 . 0  7 9 . 0  7 4 . 0  7 7 . 7 5 2 5 . 4 2  
4 8 . 0  7 8 . 0  7 0 . 0  7 6 . 0 0 2 4 . 4 4 
5 6 . 0  7 8 . 0  7 0 . 0  7 6 . 0 0 2 4 ·. 4 4  
4 4 . 0  7 9 . 0  7 0 . 0  7 6 . 7 5 2 4 . 8 6 
4 8 . 0  7 9 . 0  7 0 . 0  7 6 . 7 5 2 4 . 8 6 
4 8 . 0  7 8 . 5  7 0 . 5  7 6 . 5 0 2 4 . 7 2 
3 6 . 0  7 8 . 5  7 0 . 5  7 6 . 5 0 2 4 . 7 2 
5 6 . 0  8 0 . 0  7 1 . 0  7 7 . 7 5 2 5 . 4 2 
6 4 . 0  8 0 . 0  7 1 . 0  · 7 7 . 7 5 2 5 . 4 2 
4 8 . 0  7 7 . 8  6 9 . 0  7 5 . 6 0 2 4 . 2 2 
5 2 . 0  7 7 . 8  6 9 . 0  7 5 . 6 0 2 4 . 2 2 
4 6 . 0  7 8 . 8  7 0 . 5  7 6 . 7 3 2 4 . 8 5 
6 2 . 0  7 8 . 8  7 0 . 5  7 6 . 7 3 2 4 . 8 5 
5 0 . 0  8 0 . 0  7 0 . 5  7 7 . 6 3 2 5 . 3 5 
6 8 . 0  8 0 . 0  7 0 . 5  7 7 . 6 3 2 5 . 3 5 
7 6 . 0  8 0 . 0  7 0 . 0  7 7 . 5 0 2 5 . 2 8 
6 2 . 0  8 0 . 0  7 0 . 0  7 7 . 5 0 2 5 . 2 8 
2 2 . 2  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
7 2 . 6  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
5 4 . 5  8 4 . 0  7 3 . 5  8 1 . 3 8 2 7 . 4 3 
6 8 . 8  8 4 . 0  7 3 . 5  8 1 . 3 8 2 7· . 4 3  
2 1 . 0  7 8 . 0  6 7 . 0  7 5 . 2 5 2 4 . 0 3 
2 8 . 1  7 8 . 0  6 7 . 0  7 5 . 2 5 2 4 . 0 3 
2 0 . 7  7 9 . 0 6 6 . 5  7 5 . 8 8 2 4 . 3 8 
1 0 1  
Tab l e  C . 2 .  { c on t i nued ) 
2 0 . 7  7 9 . 0  6 6 . 5  7 5 . 8 8 2 4 . 3 8 
4 0 . 0  8 0 . 0  6 6 . 5  7 6 . 6 3 2 4 . 7 9 
3 2 . 7  8 0 . 0  6 6 . 5  7 6 . 6 3 2 4 . 7 9 
3 4 . 9  7 8 . 0  6 5 . 0  7 4 . 7 5 2 3 . 7 5 
2 0 . 0  7 8 . 0  6 5 . 0  7 4 . 7 5 2 3 . 7 5 
4 6 . 7  8 2 . 0  6 8 . 0  7 8 . 5 0 2 5 . 8 3 
5 2 . 0  8 2 . 0  6 8 . 0  7 8 . 5 0 2 5 . 8 3 
2 8 . 0  8 2 . 0  6 8 . 0  7 8 . 5 0 2 5 . 8 3 
4 5 . 3  8 2 . 0  6 8 . 0  7 8 . 5 0 2 5 . 8 3  
3 7 . 3  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
3 4 . 7  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
4 5 . 3  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
4 1 . 3  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
3 4 . 7  8 1 . 0  6 6 . 0  7 7 . 2 5 2 5 . 1 4 
4 9 . 3  8 1 . 0  6 6 . 0  7 7 . 2 5 2 5 . 1 4 
2 4 . 0  8 1 . 0  6 6 . 0  7 7 . 2 5 2 5 . 1 4 
4 1 . 3  8 1 . 0  6 6 . 0  7 7 . 2 5 2 5 . 1 4 
. 4 6  • . 7 8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
2 8 . 0  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
3 6 . 0  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
3 6 . 0  8 2 . 0  6 7 . 0  7 8 . 2 5 2 5 . 6 9 
3 4 . 7  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
4 9 . 3  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
2 9 . 3  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
5 8 . 7  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
3 0 . 7  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
3 3 . 3  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
4 8 . 0  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
4 5 . 3  8 3 . 0  7 2 . 5  8 0 . 3 8 2 6 . 8 8 
3 4 . 7  8 2 . 5  7 2 . 5  8 0 . 0 0 2 6 . 6 7 . .  
5 0 . 7  8 2 . 5  7 2 . 5  8 0 . 0 0 2 6 . 6 7 
3 2 . 0  8 2 . 5  7 2 . 5  8 0 . 0 0 2 6 . 6 7 . 
3 8 . 7  8 2  .· 5 7 2 . 5  8 0 . 0 0 2 6 . 6 7 
6 1 . 3  8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
1 0 0 . 0  8 3 . 0  7 3 . 0  8 0 . 5·o 2 6 . 9 4 
4 1 . 3 8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
3 4 . 7  8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
5 4 . 5  8 2 . 0  7 4 . 0  8 0 . 0 0 2 6 . 6 7 
7 6 . 7  8 2 . 0  7 4 . 0  8 0 . 0 0 2 6 . 6 7 
5 6 . 4  8 2 . 0  7 4 . 0  8 0 . 0 0 2 6 . 6 7 
2 8 . 3  8 2 . 0  7 4 . 0  8 0 . 0 0 2 6 . 6 7 
9 0 . 9  8 4 . 0  7 4 . 5  8 1 . 6 3 2 7 . 5 7 
5 1 . 2  8 4 . 0  7 4 . 5  8 1 . 6 3 2 7 . 5 7 
5 8 . 5  8 4 . 0  7 4 . 5  8 1 . 6 3 2 7 . 5 7 
6 4 . 3  8 4 . 0  7 4 . 5  8 1 . 6 3 2 .7 .  5 7  
7 2 . 7  8 3 . 5 · 7 5 . 5  8 1 . 5 0 2 7 . 5 0 
7 5 . 0  8 3 . 5 7 5 . 5 8 1 . 5 0 2 7 . 5 0 
5 8 . 7  8 3 . 5  7 5 . 5  8 1 . 5 0 2 7 . 5 0 
1 0 2  
Tab l e  C . 2 .  ( c o n t i nu e d ) 
5 0 . 0  8 3 . 5  7 5 . 5  8 1 . 5 0 2 7 . 5 0 
5 2 . 5  8 4 . 0  7 6 . 0  8 2 . 0 0 2 7 . 7 8 
8 1 . 8  8 4 . 0  7 6 . 0  8 2 . 0 0 2 7 . 7 8 
6 7 . 2  8 4 . 0  7 6 . 0  8 2 . 0 0 2 7 . 7 8 
4 5 . 0  8 4 . 0  7 6 . 0  8 2 . 0 0 2 7 . 7 8 
6 1 . 5  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9  
1 0 2 . 9  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9 
5 0 . 0  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9 
2 3 . 1  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9 
4 6 . 9  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9  
6 1 . 2  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9  
5 4 . 5  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9  
5 3 . 8  8 6 . 0  7 3 . 0  8 2 . 7 5 2 8 . 1 9 
3 2 . 6  8 9 . 0  7 5 . 0  8 5 . 5 0 2 9 . 7 2 
2 8 . 6  8 9 . 0  7 5 . 0  8 5 . 5 0 2 9 . 7 2 
6 7 . 5  8 9 . 0  7 5 . 0  8 5 . 5 0 2 9 . 7 2 
3 6 . 7  8 9 . 0  7 5 . 0  8 5 . 5 0 2 9 . 7 2 
3 9 . 5  8 8 . 0  7 3 . 0  8 4 . 2 5 2 9 . 0 3 
6 3 . 2  8 8 . 0  7 3 . 0  8 4 . 2 5 2 9 . 0 3 
3 1 . 4  8 8 . 0  7 3 . 0  8 4 . 2 5 2 9 . 0 3 
6 6 . 7  8 8 . 0  7 3 . 0  8 4 . 2 5 2 9 . 0 3 
1 5 0 . 0 8 9 . 0  7 3 . 0  8 5 . 0 0 2 9 . 4 4 
4 5 . 5  8 9 . 0  7 3 . 0  8 5 . 0 0 2 9 . 4 4 
5 2 . 9  8 9 . 0  7 3 . 0  8 5 . 0 0 2 9 . 4 4 
5 1 . 7  8 9 . 0  7 3 . 0  .8 5 . 0 0  2 9 . 4 4 
5 1 . 4  8 9 . 0  . 7 2 . 5  8 4 . 8 8 2 9 . 3 8  
6 5 . 2  8 9 . 0  7 2 . 5  8 4 . 8 8 2 9 . 3 8 
7 8 . 3  8 9 . 0  7 2 . 5  8 4 . 8 8 2 9 . 3 8 
3 4 . 6  8 9 . 0  7 2 . 5  8 4 . 8 8 2 9 . 3 8 
6 3 . 6  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 ' ·  
6 5 . 1  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 
5 0 . 5  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 . 
1 3 3 . 3  9 0 � 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 
8 2 . 8  8 9 . 5  7 2 . 0  8 5 . 1 3 2 9 . 5 1 
8 5 . 7  8 9 . 5  7 2 . 0  8 5 . 1 3 2 9 . 5 1 
8 1 . 8  8 9 . 5  7 2 . 0  8 5 . 1 3 2 9 . 5 1 
1 0 6 . 5  8 9 . 5  7 2 . 0  8 5 . 1 3 2 9 . 5 1 
7 7 . 4  9 0 . 0  7 4 . 0  8 6 . 0 0 3 0 . 0 0 
3 2 . 4  9 0 . 0  7 4 . 0  8 6 . 0 0 3 0 . 0 0 
8 4 . 0  9 0 . 0  7 4 . 0  8 6 . 0 0 3 0 . 0 0 
7 5 . 0  9 0 . 0  7 4 . 0  8 6 . 0 0 3 0 . 0 0 
8 8 . 2  9 2 . 0  7 3 . 0  8 7 . 2 5 3 0 . 6 9 
4 8 . 8  9 2 . 0  7 3 . 0  8 7 . 2 5 3 0 . 6 9 
3 6 . 3  9 2 . 0  7 3 . 0  8 7 . 2 5 3 0 . 6 9 
1 0 3 . 4  9 2 . 0  7 3 . 0  8 7 . 2 5 3 0 . 6 9 
. 4 3 . 9  8 3  ·• 0 7 3 . 0  8 0 . 5 0  2 6 . 9 4 
5 3 . 8  8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
8 5 . 4  8 3 . 0  7 3 � 0  8 0 . 5 0 2 6 . 9 4 
1 0 3  
Tab l e  C . 2 .  ( c ont i nued ) 
5 6 . 3  8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
6 0 . 0  8 2 . 5  7 3 . 0  8 0 . 1 3 2 6 . 7 4 
5 3 . 3  8 2 . 5  7 3 . 0  8 0 . 1 3  2 6 . 7 4 
9 3 . 8  8 2 . 5  7 3 . 0  8 0 . 1 3  2 6 . 7 4 
4 0 . 6  8 2 . 5  7 3 . 0  8 0 . 1 3  2 6 . 7 4 
1 0 0 . 0  8 5 . 0  7 2 . 5  8 1 . 8 8 2 7 . 7 1 
1 0 9 . 1 8 5 . 0  7 2 . 5  8 1 . 8 8 2 7 . 7 1 
4 8 . 0  8 5 . 0  7 2 . 5  8 1 . 8 8 2 7 . 7 1 
5 5 . 2  8 5 . 0  7 2 . 5  8 1 . 8 8 2 7 . 7 1 
9 3 . 8  8 4 . 0  7 3 . 5  8 1 . 3 8 2 7 . 4 3 
6 2 . 5  8 4 . 0  7 3 . 5  8 1 . 3 8 2 7 . 4 3 
6 0 . 0  8 4 . 0  7 3 . 5  8 1 . 3 8 2 7 . 4 3 
4 2 . 9  8 4 . 0  7 3 . 5  8 1 . 3 8 2 7 . 4 3 
8 4 . 4  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 
4 7 . 3  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 
6 5 . 9  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 -
1 1 2 . 5  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 
6 2 . 1  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
9 3 . 1  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
5 6 . 3  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
3 7 . 5  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
8 4 . 4  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 
4 7 . 3  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 
6 5 . 9  8 6 . 0  7 5 . 5  8 3 . 3 8 2 8 . 5 4 
1 1 2 . 5  8 6 . 0  7 5 . 5  8 3 . 3 8 . 2 8 . 5 4  
6 2 . 1  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 . 
9 3 . 1  8 5 . 0  7 4 . 5  8 2 . 3 8 ·2 7 . 9 9  
5 6 . 3  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
3 7 . 5  8 5 . 0  7 4 . 5  8 2 . 3 8 · 2 7 . 9 9 
1 5 0 . 0  8 9 . 0  7 7 . 5  8 6 . 1 3  3 0 . 0 7 
9 6 . 8  8 9 . 0  7 7 . 5  8 6 . 1 3 3 0 . 0 7 
6 5 . 6  8 9 . 0  7 7 . 5  8 6 . 1 3 3 0 . 0 ·7 
1 4 3 . 5  8 9 . 0  7 7 . 5  8 6 . 1 3 3 0 . 0 7 
1 1 2 . 5  8 9 . 5  7 8 . 5  . 8 6  . • 7 5  3 0 . 4 2 
3 2 . 4  8 9 . 5  7 8 . 5  8 6 . 7 5 3 0 . 4 2 
4 2 . 9  8 9 . 5  7 8 . 5  8 6 . 7 5 3 0 . 4 2 
4 8 . 6  8 9 . 5  7 8 . 5  8 6 . 7 5 3 0 . 4 2 
1 7 1 . 4  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1 . 1 1 
1 5 6 . 0  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1  . 1 1  
1 3 9 . 3  9 1 . 0  7 9 . 0  8 8 . 00 3 1 . 1 1  
7 7 . 4  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1 . 1 1  
1 4 0 . 0  9 1 . 5  7 9 . 0  8 8 . 3 8 3 1 . 3 2 
8 1 . 8  9 1 . 5  7 9 . 0  8 8 . 3 8 3 1 . 3 2 . 
8 8 . 9  9 1 . 5  7 9 . 0  8 8 . 3 8 3 1 . 3 2 
8 5 . 7  9 1 . 5  7 9 . 0  8 8 . 3 8 . 3 1  .. 3 2  
1 2 0 . 0  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1 . 1 1 
1 3 7 . 5  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1 . 1 1  
1 7 7 . 8  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1 . 1 1 
1 0 4  
Tab l e  C . 2 .  ( c ont i nued ) 
1 3 8 . 5  9 1 . 0  7 9 . 0  8 8 . 0 0 3 1 . 1 1 
9 6 . 0  9 1 . 5  7 9 . 5  8 8 . 5 0 3 1 . 3 9 
7 7 . 8  9 1 . 5  7 9 . 5  8 8 . 5 0 3 1 . 3 9 
4 2 . 9  9 1 . 5  7 9 . 5  8 8 . 5 0 3 1 . 3 9 
1 2 0 . 0  9 1 . 5 7 9 . 5  8 8 . 5 0  3 1 . 3 9 
1 3 6 . 4  9 2 . 0  7 8 . 5  8 8 . 6 3 3 1 . 4 6 
1 3 6 . 4  9 2 . 0  7 8 . 5  8 8 . 6 3 3 1 . 4 6 
9 1 . 3  9 2 . 0  7 8 . 5  8 8 . 6 3 3 1 . 4 6 
1 4 1 . 2  9 2 . 0  7 8 . 5  8 8 . 6 3 3 1 . 4 6 
1 7 1 . 4  9 2 . 5  7 8 . 0  8 8 . 8 8 3 1 . 6 0 
5 1 . 4  9 2 . 5  7 8 . 0  8 8 . 8 8 3 1 . 6 0 
1 0 8 . 0  9 2 . 5  7 8 . 0  8 8 . 8 8 3 1 . 6 0 
1 2 2 . 2  9 2 . 5  7 8 . 0  8 8 . 8 8 3 1 . 6 0 
9 8 . 0 9 0 . 0  7 9 . 5  8 7 . 3 8 3 0 . 7 6 
1 1 0 . 0  9 0 . 0  7 9 . 5  8 7 . 3 8 3 0 . 7 6  
1 5 2 . 0  9 0 . 0  7 9 . 5  8 7 . 3 8 3 0 . 7 6  
7 0 . 0  9 0 . 0  7 9 . 5  8 7 . 3 8 3 0 . 7 6 
8 0 . 0  8 8 . 5  7 9 . 0  8 6 . 1 3 3 0 . 0 7 
9 6 . 0  8 8 . 5  7 9 . 0  8 6 . 1 3 3 0 . 0 7 
1 0 2 . 0 8 8 . 5  7 9 . 0  8 6 . 1 3 3 0 . 0 7 
8 2 . 0  8 8 . 5  7 9 . 0  8 6 . 1 3  3 0 . 0 7 
9 8 . 0  8 9 . 5  7 9 . 5  8 7 . 0 0 3 0 . 5 6  
1 2 4 . 0  8 9 . 5  7 9 . 5  8 7 . 0 0 3 0 . 5 6 
1 4 4 . 0  8 9 . 5  7 9 . 5  8 7 . 0 0 3 0 . 5 6 
7 0 . 0  8 9 . 5  7 9 . 5  . 8 7  I 0 0  3 0 . 5 6 
1 1 8 . 0  8 9 . 5 · 8 0 . 5  8 7 . 2 5 3 0 . 6 9 
8 4 . 0  8 9 . 5  8 0 . 5  8 7 . 2 5 3 0 . 6 9 
1 0 6 . 0  8 9 . 5  8 0 . 5  8 7 . 2 5 3 0 . 6 9 
1 0 8 . 0  8 9 . 5  8 0 . 5  8 7 . 2 5 3 0 . 6 9 
5 8 . 5  7 7 . 5 6 8 . 5  7 5 . 2 5 2 4 . 0 3 
2 0 . 0  7 7 . 5  6 8 . 5  7 5 . 2 5 2 4 . 0 3 
4 5 . 5  7 7 . 5  6 8 . 5  7 5 . 2 5 2 4 . 0 3 -
6 7 . 7  7 7· . 5 6 8 . 5  7 5 . 2 5 2 4 . 0 3 
1 8 . 0  7 9 . 5  6 9 . 5  7 7 . 0 0 2 5 . 0 0 
8 4 . 4  7 9 . 5  6 9 . 5  7 7 . 0 0 2 5 . 0 0 
1 7 . 3  7 9 . 5  6 9 . 5  7 7 . 0 0 2 5 . 0 0 
1 5 . 0  7 9 . 5  6 9 . 5  7 7 . 0 0 2 5 . 0 0 
5 1 . 4  8 2 . 0  7 1 . 5  7 9 . 3 8 2 6 . 3 2 
2 0 . 9  8 2 . 0  7 1 . 5  7 9 . 3 8 2 6 . 3 2 
2 2 . 0  8 2 . 0  7 1 . 5  7 9 . 3 8 2 6 . 3 2 
8 8 . 9  8 2 . 0  7 1 . 5  7 9 . 3 8 2 6 . 3 2 
6 0 . 0  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
3 9 . 1  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
4 0 . 5  8 2 . 0  7 2 . 5  7 9 . 6 3 2 6 . 4 6 
6 0 . 0  8 2 . 0  7 2 . 5  7 9 . 6 3 · 2 6 . 4 6 
. 3 6 . 6  8 2 . 5  7 1 . 5  7 9 . 7 5 2 6 . 5 3 
3 6 . 4  8 2 . 5  7 1 . 5  7 9 . 7 5 2 6 . 5 3 
1 0 0 . 0  8 2 . 5 7 1 . 5 7 9 . 7 5 2 6 . 5 3 
1 0 5  
Tab l e  C . 2 ;.  ( c ont i nu e d ) 
6 3 . 6  8 2 . 5  7 1 . 5  7 9 . 7 5 2 6 . 5 3 
7 3 . 0  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
5 2 . 2  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
6 0 . 0  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
5 2 . 9  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
8 2 . 5  8 4 . 0  7 1 . 5  8 0 . 8 8 2 7 . 1 5 
3 5 . 7  8 4 . 0  7 1 . 5  8 0 . 8 8 2 7 . 1 5 
3 0 . 8  8 4 . 0  7 1 . 5  8 0 . 8 8 2 7 . 1 5 
4 6 . 9  8 4 . 0  7 1 . 5  8 0 . 8 8 2 7 . 1 5 
1 1 1 . 1 8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
4 7 . 7  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
6 0 . 0  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
5 1 . 2  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
1 0 6  
Tab l e  C . 3 .  D r i p  c o o l  r o om r e sp i rat i on rat e s , we t and d r y  
bu l b  tempera tu re s , a n d  tempe r a t u r e - h um i d i t y  
i ndex e s  
DC - s ow r e s p i ra t i on ra t e s  ( br e a t h s / m i n ) 
DC Tdb - de room t empe r a t u r e  dry b u l b  ( F ) 
DC Twb - de r oom t empe rature we t bu l b  ( F ) 
DC i n  
D C  i nC 
DC 
34 •. o 
3 7 . 0  
4 1 . 0  
6 0 . 0  
3 6 . 0  
3 0 . 0  
3 6 . 0  
4 0 . 0  
4 4 . 0  
3 2 . 0  
2 8 . 0  
3 2 . 0  
3 2 . 0  
3 2 . 0  
2 8 . 0  
3 4 . 0  
7 8 . 0  
7 0 . 0  
6 4 . 0  
5 6 . 0  
8 4 . 0  
7 2 . 0  
5 8 . 0  
7 4 . 0  
6 8 . 8  
8 3 . 7  
3 4 . 3  
3 0 . 0  
. 5 3 . 3  
3 4 . 3  
2 0 . 7  
- d r i p  c o o l  t empe r a t u r e  hum i d i t y - i ndex 
( 0 . 7 5 * DC Tdb+ 0 . 2 5 * DC Twb , F )  
- d r i p  c o o l  t emperatu r e - h um i di t y  i ndex 
( c )  
DC Tdb 
7 8 . 5  
7 8 . 5  
7 7 . 0  
7 7 . 0  
8 1 . 0  
8 1 . 0  
8 0 . 0  
8 0 . 0  
8 1 . 0  . 
8 1 . 0  
8 1 . 0  
8 1 . 0  
8 1 . 0  
8 1 . 0  
8 1 . 0  
8 1 � 0  
7 8 . 8  
7 8 . 8  
7 7 . 4  
7 7 . 4  
7 9 . 5  
7 9 . 5  
7 7 . 5  
7 7 . 5  
8 5 . 0  
8 5 . 0 . 
8 6 . 0  
8 6 . 0  
7 9 � 0  
7 9 . 0  
8 0 . 0  
DC Twb 
7 2 . 0  
7 2 . 0  
7 1 . 0  
7 1 . 0  
7 3 . 0  
7 3 . 0  
7 2 . 0  
7 2 . 0  
7 1 . 5  
7 1 . 5  
7 1 . 5  
7 1 . 5  
7 1 . 5  
7 1 . 5  
7 2 . 0  
7 2 . 0  
7 0 . 5  
7 0 . 5  
7 0 . 8  
7 0 . 8  
7 0 . 5  
7 0 . 5  
7 0 . 5  
7 0 . 5  
7 4 . 0  
7 4 . 0  
7 4 . 0  
7 4 . 0  
6 7 . 0  
6 7 . 0  
6 6  . . 5 
DC i n  
7 6 . 8 8 
7 6 . 8 8 
7 5 . 5 0 
7 5 . 5 0 
7 9 . 0 0 
7 9 . 0 0 
7 8 . 0 0 
.7 8 . 0 0  
7 8 . 6 3 
7 8 . 6 3 
7 8 . 6 3 
7 8 . 6 3 
7 8 . 6 3 
7 8 . 6 3 
7 8 . 7 5 
7 8 . 7 5 
7 6 . 7 3 
7 6 . 7 3 
7 5 . 7 5 
7 5 . 7 5 
7 7 . 2 5 
7 7 . 2 5 
7 5 . 7 5 
7 5 . 7 5  
8 2 . 2 5 
8 2 . 2 5 
8 3 . 0 0 
8 3 . 0 0 
7 6 . 0 0 
7 6 . 0 0 
7 6 . 6 3 
DC i nC 
2 4 . 9 3 
2 4 . 9 3 
2 4 . 1 7 
2 4 . 1 7 
2 6 . 1 1 
2 6 . 1 1 
2 5 . 5 6 
2 5 . 5 6 
2 5 . 9 0 
2 5 . 9 0 
2 5 . 9 0 
2 5 . 9 0 
2 5 . 9 0 
2 5 . 9 0 
2 5 . 9 7 .  
2 5 . 9 7 
2 4 . 8 5 
2 4 . 8 5 
2 4 . 3 1 
2 4 . 3 1 
2 5 .  1 4  
2 5 . 1 4 
2 4 . 3 1 
2 4 . 3 1 
2 7 . 9 2 
2 7 . 9 2 
2 8 . 3 3 
2 8 . 3 3 
2 4 . 4 4 
2 4 . 4 4 
2 4 . 7 9 
1 0 7  
Tab l e  C . 3 .  ( c ont i nued ) 
3 9 . 4  8 0 . 0  6 6 . 5  7 6 . 6 3 2 4 . 7 9 
7 5 . 0  7 9 . 5  6 6 . 0  7 6 . 1 3 2 4 . 5 1 
2 6 . 3  7 9 . 5  6 6 . 0  7 6 . 1 3 2 4 . 5 1 
6 8 . 0  8 0 . 5  6 6 . 0  7 6 . 8 8 2 4 . 9 3 
4 0 . 9  8 0 . 5  6 6 . 0  7 6 . 8 8 2 4 . 9 3 
2 5 . 0  8 1 . 0  6 6 . 0  7 7 . 2 5 2 5 . 1 4 
4 3 . 8  8 1 . 0  6 6 . 0  7 7 . 2 5 2 5 . 1 4 
2 8 . 6  8 2 . 0  6 5 . 0  7 7 . 7 5 2 5 . 4 2 
4 8 . 0  8 2 . 0  6 5 . 0  7 7 . 7 5 2 5 . 4 2  
4 0 . 6  8 0 . 0  6 5 . 5  7 6 . 3 8 2 4 . 6 5 
2 5 . 7  8 0 . 0  6 5 . 5  7 6 . 3 8 2 4 . 6 5 
5 0 . 0  8 1 . 0  6 4 . 5  7 6 . 8 8 2 4 . 9 3 
4 0 . 5  8 1 . 0  6 4 . 5  7 6 . 8 8 2 4 . 9 3 
3 0 . 7  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
3 7 . 3  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
4 0 . 0  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
3 2 . 0  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
3 7 . 3  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
2 6 . 7  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
2 8 . 0  8 1 . 0  6 9 . 0  7 8 . 0 0 2 5 . 5 6 
3 0 . 7  8 1 . 0  6 9 . 0 7 8 . 0 0 2 5 . 5 6 
4 5 . 6  8 2 . 0  7 3 . 0  7 9 . 7 5 2 6 . 5 3 
4 0 . 8  8 2 . 0  7 3 . 0  7 9 . 7 5 2 6 . 5 3 
4 0 . 0  8 2 . 0  7 3 . 0  7 9 . 7 5 2 6 . 5 3 
3 2 . 0  8 2 . 0  7 3 . 0  . 7 9 . 7 5 2 6 . 5 3 
2 9 . 3  8 3 . 0 . 7 3 . 0  8 0 . 5 0 2 6 . 9 4 
3 0 . 7  8 3 . 0  7 3 . 0  8 0 . 5 0 2.6 .  9 4  
4 0 . 0  8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
2 8 . 0  8 3 . 0  7 3 . 0  8 0 . 5 0 2 6 . 9 4 
7 0 . 9  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
2 4 . 8  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
3 6 . 0  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0· 
2 7 . 9  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
7 2 . 4  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
5 0 . 0  8 5 . 0  7 4 . 0  8 2 ·. 2 5  2 7 . 9 2 
6 8 . 6  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
1 1 4 . 3  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
7 2 . 4  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
2 8 . 8  8 6 . 0 7 5 . 0 8 3 . 2 5 2 8 . 4 7 
2 0 . 7  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
4 4 . 7  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
5 0 . 0  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
6 8 . 6  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
4 2 . 0  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
7 0 . 6  8 5 . 0  7 4 . 5  8 2 . 3 8 2 7 . 9 9 
6 5 . 6  a s ·. o 7 5 . 0  8 3 . 2 5 . 2 8 . 4 7 
3 9 . 5  8 6 . 0 7 5- . 0 8 3 . 2 5 2 8 . 4 7 
5 0 . 0  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
1 0 8  
Tab l e  C . 3 .  ( c on t i nued )  
6 0 . 0  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
6 0 . 0  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
4 9 . 5  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
5 1 . 6  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
4 5 . 3  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
2 9 . 5  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
2 1 . 0  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
2 6 . 7  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
3 3 . 3  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
5 0 . 0  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
3 3 . 7  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
6 1 . 5 8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
2 6 . 1  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
3 0 . 7  8 8 . 0  7 5 . 0  8 4 . 7 5 2 9 . 3 1 
7 4 . 2  8 8 . 0  7 5 . 0  8 4 . 7 5 2 9 . 3 1 
1 1 1 . 1 8 8 . 0  7 5 . 0  8 4 . 7 5 2 9 . 3 1 
7 2 . 0  8 8 . 0  7 5 . 0  8 4 . 7 5 2 9 . 3 1 
5 7 . 4  8 8 . 5  7 4 . 0  8 4 . 8 8 2 9 . 3 8 
8 5 . 5  8 8 . 5  7 4 . 0  8 4 . 8 8 2 9 . 3 8 
8 6 . 7  8 8 . 5  7 4 . 0  8 4 . 8 8 2 9 . 3 8  
5 7 . 6  8 8 . 5  7 4 . 0  8 4 . 8 8 2 9 . 3 8 
4 1 . 7  8 9 . 5  7 4 . 0  8 5 . 6 3 2 9 . 7 9 
8 1 . 8  8 9 . 5  7 4 . 0  8 5 . 6 3 2 9 . 7 9  
8 7 . 1  8 9 . 5  7 4 . 0  8 5 . 6 3 2 9 . 7 9  
8 0 . 0  8 9 . 5  7 4 . 0  . 8 5 . 6 3  2 9 . 7 9 
1 4 4 . 0  8 9 . 5 . 7 3 . 5  8 5 . 5 0 2 9 . 7 2 
7 5 . 0  8 9 . 5  7 3 . 5  8 5 . 5 0 2 9 . 7 2 
5 8 . 2  8 9 . 5  7 3 . 5  8 5 . 5 0 2 9 . 7 2 
4 1 . 5  8 9 . 5  7 3 . 5  8 5 . 5 0 2 9 . 7 2 
6 5 . 5  9 0 . 0  7 3 . 5  8 5 . 8 8 2 9 . 9 3 
5 8 . 2  9 0 . 0  7 3 . 5  8 5 . 8 8 2 9 . 9 3 
8 4 . 0  9 0 . 0  7 3 . 5  8 5 . 8 8 2 9 . 9 3 . 
9 7 . 5  g o· . o 7 3 . 5  8 5 . 8 8 2 9 . 9 3 
7 2 . 0  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 
7 2 . 4  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 
9 1 . 7  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 
5 4 . 5  9 0 . 0  7 3 . 0  8 5 . 7 5 2 9 . 8 6 
9 4 . 7  9 1 . 5  7 2 . 5  8 6 . 7 5 3 0 . 4 2 
1 1 2 . 5  9 1 . 5  7 2 . 5  8 6 . 7 5 3 0 . 4 2 
6 7 . 1  9 1 . 5  7 2 . 5  8 6 . 7 5 3 0 . 4 2 
1 3 3 . 3  9 1 . 5  7 2 . 5  8 6 . 7 5 3 0 . 4 2 
4 0 . 9  9 2 . 0  7 2 . 0  8 7 . 0 0 3 0 . 5 6 
6 9 . 2  9 2 . 0  7 2 . 0  8 7 . 0 0 3 0 . 5 6 
9 6 . 0  9 2 . 0  7 2 . 0  8 7 . 0 0 3 0 . 5 6 
9 6 . 0  9 2 . 0  7 2 . 0  8 7 . 0 0 3 0 . 5 6 
4 0 . 5  9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
6 9 . 2  9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
9 0 . 0  9 2 . 5  7 3 � 5  .8 7 .  7 5 3 0 . 9 7  
1 0 9  
Tab l e  C . 3 .  ( c ont i nued ) 
1 4 2 . 9 9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
1 0 3 . 4  9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
8 8 . 2  9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
7 8 . 9  9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
9 1 . 3  9 2 . 5  7 3 . 5  8 7 . 7 5 3 0 . 9 7 
1 6 . 1  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
3 0 . 8  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
7 5 . 0  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
6 9 . 2  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
5 5 . 9  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
4 2 . 9  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
6 4 . 3  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
3 4 . 9  8 4 . 0  7 4 . 0  8 1 . 5 0 2 7 . 5 0 
4 1 . 7  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
7 2 . 0  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
6 9 . 2  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
6 0 . 0  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
4 1 . 9  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
2 6 . 3  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
3 5 . 3  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
8 1 . 1  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
4 1 . 7  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
7 2 . 0  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
6 9 . 2  8 6 . 0  7 6 . 5  8 3 . 6 3 2 8 . 6 8 
6 0 . 0  8 6 . 0  7 6 . 5  . 8 3 . 6 3 2 8 . 6 8 
4 1 . 9  8 5 . 0· 7 4 . 0  8 2 . 2 5 2 7 . 9 2 
2 6 . 3  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
3 5 . 3  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
8 1 . 1  8 5 . 0  7 4 . 0  8 2 . 2 5 2 7 . 9 2 
4 2 . 0  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
4 2 . 9  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
3 1 . 6  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
4 0 . 9  8 6 . 0  7 6 . 0  8 3 . 5 0 2 8 . 6 1 
2 5 . 4  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
4 0 . 5  8 6 . 0  7 5 . 0  8 3  .· 2 5  2 8 . 4 7 
4 7 . 4  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
6 8 . 6  8 6 . 0  7 5 . 0  8 3 . 2 5 2 8 . 4 7 
5 3 . 6  8 9 . 5  7 8 . 5  8 6 . 7 5 . 3 0 . 4 2  
7 0 . 0  8 9 . 5  7 8 . 5  8 6 . 7 5 3 0 . 4 2 
6 1 . 5  8 9 . 5  7 8 . 5  8 6 . 7 5 . 3 0 . 4 2 
7 5 . 0  8 9 . 5  7 8 . 5  8 6 . 7 5 3 0 . 4 2  
8 1 . 8  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 
1 1 0 . 5  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 
1 0 0 . 0  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 
7 5 . 0  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 
7 7 . 4  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 
1 0 0 . 0  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 . 
1 1 0 . 5  9 0 . 5  7 8 . 5  . 8 7 . 5 0  3 0 . 8 3 
1 1 0 
Tab l e  C . 3 .  ( c ont i nued ) 
7 2 . 7  9 0 . 5  7 8 . 5  8 7 . 5 0 3 0 . 8 3 
7 0 . 0  9 2 . 5  7 8 . 5  8 9 . 0 0 3 1 . 6 7 
8 1 . 1  9 2 . 5  7 8 . 5  8 9 . 00 3 1 . 6 7 
7 7 . 4  9 2 . 5  7 8 . 5  8 9 . 0 0 3 1 . 6 7 
6 0 . 0  9 2 . 5  7 8 . 5  8 9 . 0 0 3 1 . 6 7 
1 1 4 . 3  9 1 . 5  7 8 . 0  8 8 . 1 3 3 1 . 1 8  
6 8 . 2  9 1 . 5  7 8 . 0  8 8 . 1 3 3 1 . 1 8 
4 2 . 9  9 1 . 5  7 8 . 0  8 8 . 1 3 3 1 . 1 8 
9 5 . 5  9 1 . 5  7 8 . 0  8 8 . 1 3 3 1 . 1 8 
8 0 . 0  9 3 . 5  7 7 . 5  8 9 . 5 0 3 1 . 9 4 
7 2 . 7  9 3 . 5  7 7 . 5  8 9 . 5 0 3 1 . 9 4 
7 1 . 7  9 3 . 5  7 7 . 5  8 9 . 5 0 3 1 . 9 4 
1 2 3 . 5  9 3 . 5  7 7 . 5  8 9 . 5 0 3 1 . 9 4 
7 5 . 0  9 2 . 5  7 7 . 5  8 8 . 7 5 3 1 . 5 3 
6 5 . 6  9 2 . 5  7 7 . 5  8 8 . 7 5 3 1 . 5 3 
8 5 . 7  9 2 . 5  7 7 . 5  8 8 . 7 5 3 1 . 5 3 
8 2 . 8  9 2 . 5  7 7 . 5  8 8 . 7 5 3 1 . 5 3 
1 1 7 . 9  9 4 . 0  7 7 . 0  8 9 . 7 5 3 2 . 0 8 
8 9 . 2  9 4 . 0  7 7 . 0  8 9 . 7 5 3 2 . 0 8 
1 3 9 . 3  9 4 . 0  7 7 . 0  8 9 . 7 5 3 2 . 0 8 
1 0 0 . 0  9 4 . 0  7 7 . 0  8 9 . 7 5 3 2 . 0 8 
7 8 . 0  8 7 . 0  7 8 . 5  8 4 . 8 8 2 9 . 3 8 
7 2 . 0  8 7 . 0  7 8 . 5  8 4 . 8 8 2 9 . 3 8 
4 0 . 0  8 7 . 0  7 8 . 5  8 4 . 8 8 2 9 . 3 8 
3 4 . 0  8 7 . 0  7 8 . 5  8 4 . 8 8 2 9 . 3'8 
1 1 2 . 0  8 9 . 5  7 9 . 0  8 6 . 8 8 3 0 . 4 9 
9 6 . 0  8 9 . 5  7 9 . 0  8 6 . 8 8 3 0 . 4 9 
7 6 . 0  8 9 . 5  7 9 . 0  8 6 . 8 8 3 0 . 4 9 
1 3 4 . 0  8 9 . 5  7 9 . 0  8 6 . 8 8 - 3 0 . 4 9 
5 4 . 0  8 7 . 5  7 9 . 0  8 5 . 3 8 2 9 . 6 5 
6 0 . 0  8 7 . 5  7 9 . 0  8 5 . 3 8 2 9 . 6 5 
4 0 . 0  8 7 . 5  7 9 . 0  8 5 . 3 8 2 9 . 6 5 
4 0 . 0  8 7 . 5  7 9 . 0  8 5 . 3 8 2 9 . 6 5 
1 0 0 . 0  9 0 . 5  7 9 . 5  ' 8 7 . 7 5 3 0 . 9 7 
7 9 . 1  9 0 . 5  7 9 . 5  8 7 . 7 5 3 0 . 9 7 
1 1 4 . 0  9 0 . 5  7 9 . 5  8 7 . 7 5 3 0 . 9 7 
1 0 4 . 7  9 0 . 5  7 9 . 5  8 7 . 7 5 3 0 . 9 7 
5 3 . 6  7 5 . 0  6 8 . 5  7 3 . 3 8 2 2 . 9 9 
2 0 . 6  7 5 . 0  6 8 . 5  7 3 . 3 8 2 2 . 9 9 
1 5 . 0  7 5 . 0  6 8 . 5  7 3 . 3 8 2 2 . 9 9 
1 8 . 0  7 5 . 0  6 8 . 5  7 3 . 3 8 2 2 . 9 9 
1 9 . 4  8 2 . 5  7 2 . 5  8 0 . 0 0 2 6 . 6 7 
2 1 . 4  8 2 . 5  7 2 . 5  8 0 . 0 0 2 6 . 6 7 , 
3 3 . 3  8 2 . 5  7 2 . 5  8 0 . 0 0 2 6 . 6 7 
4 5 . 5  8 2 . 5  7 2 . 5  8 0 . 0 0 . 2 6 . 6 7 
2 5 . 0  8 1 � 0  7 2 . 0  7 8 . 7 5  2 5 . 9 7 
2 2 . 6  8 1 . 0  7 2 . 0  7 8 . 7 5 2 5 . 9 7 
3 0 . 0  8 1 . 0  7 2 . 0 7 8 . 7 5 2 5 . 9 7 
. 
1 1 1  
Tab l e  C . 3 .  ( c ont i nu e d ) 
2 8 . 6  8 1 . 0  7 2 . 0  7 8 . 7 5 2 5 . 9 7 
1 7 . 6  8 3 . 0  7 3 . 5  8 0 . 6 3 2 7 . 0 1 
1 9 . 4  8 3 . 0  7 3 . 5  8 0 . 6 3 2 7 . 0 1 
6 3 . 2  8 3 . 0  7 3 . 5  8 0 . 6 3 2 7 . 0 1 
5 1 . 7  8 3 . 0  7 3 . 5  8 0 . 6 3 2 7 . 0 1 
3 8 . 5  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
5 2 . 9  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
1 5 . 8  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
1 8 . 0  8 4 . 5  7 3 . 0  8 1 . 6 3 2 7 . 5 7 
4 2 . 9  8 4 . 0  7 3 . 0  8 1 . 2 5 2 7 . 3 6 
3 7 . 5  8 4 . 0  7 3 . 0  8 1 . 2 5 2 7 . 3 6 
4 0 . 9  8 4 . 0  7 3 . 0  8 1 . 2 5 2 7 . 3 6 
6 8 . 6  8 4 . 0  7 3 . 0  8 1 . 2 5 2 7 . 3 6 
5 4 . 5  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
3 9 . 5  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
2 2 . 5  8 5 . 0  7 3 . 0  8 2 . 0 0 2 7 . 7 8 
1 8 . 0  8 5 . 0  7 3 .  o- 8 2 . 00 2 7 . 7 8 
APPEND I X  D :  H e a t  and m o i s tu r e  ba l ance obs e rva t i on data 
f o r  J u n e  1 6 , July 7 ,  and J u l y 2 9 , 1 9 8 7  
1 1 3  
Tab l e  D . 1 .  Heat and M o i s tu r e  Ba l an c e  Data f o r  J un e  1 6 , 1 9 8 7  
R o om 1 ( Snout C o o l ) 
Exhau s t  A i r Temp e r a t u r e  ( F )  = 8 8 . 0  
Exhaus t A i r  Re l a t i ve H um i d i ty ( � )  = 5 2 . 0  
Exhau s t  A i r  En t h a l p y  ( Bt u / l bda ) = 3 7 . 4  
Exhau s t  A i r Hum i d i t y Rat i o  ( l bh 2 o / l bda ) = 0 . 0 1 4 8 
Exhau s t  A i r  Spec i f i c  Vo l ume ( ft A 3 / l bda ) = 1 4 . 1  
Exhau s t  A i r  F l ow Rat e  ( c fm ) = 2 , 9 0 6 . 0  
Exhau s t  A i r  Ma s s  F l ow ( l bda / h r ) = 1 2 , 3 3 8 . 7  
-E xhau s t  A i r  H e a t  F l o w  ( B t u /h r ) = 4 6 1 , 0 8 8 . 5  
Exhau s t  A i r Mo i s t u r e  F l ow ( l bh 2 o / h r ) = 1 8 2 . 2  
Out s i de A i r  Tempe r a t u r e  ( F )  = 9 1 . 0  
Out s i de A i r  Re l a t i ve H um i d i ty ( � )  = 4 8 . 0  
Out s i de A i r  E n t h a l py ( Bt u / l bda ) = 3 8 . 2  
Out s i de A i r Hum i d i ty Rat i o  ( l bh 2 o / l bda ) = 0 . 0 1 4 8 
Out s i de A i r  S p e c i f i c  Vo l um e  ( f t A 3 / l bda ) = 1 4 . 2  
Ou t s i de A i r  F l o w Ra t e  ( c fm ) = 2 , 6 9 9 . 8  
Ou ts i de A i r  Ma s s  F l ow ( l bda / h r )  = 1 1 , 3 9 9 . 2  
Ou ts i de A i r  H e a t  F l ow ( Bt u / h r ) = 4 3 5 , 3 2 5 . 9  
Ou ts i de A i r  M o i s tu r e  F l ow ( l bh 2 o / h r ) = 1 6 9 . 1 
A . C .  A i r Tempe ra t u r e  ( F ) = 6 3 . 3  
A . C .  A i r Re l a t i v e H um i d i ty ( % )  = 8 8 . 0  
A . C .  A i r En t ha l py ( Bt u / l bda ) = 2 7 . 1  
A . C .  A i r Hum i d i t y Ra t i o  ( l bh 2 o / l bda ) = 0 . 0 1 0 9 
A . C . A i r S pec i f i c  Vo l ume ( f t " 3 / l bda ) = 1 3 . 4  
A . C .  A i r F l ow Ra t e  ( c fm ) = 2 1 0 . 0  
A . c- .  A i r  Mas s  F l ow ( lbda / h r )  = 9 3 9 . 4  
A . C .  A i r Heat F l ow ( B t u / h r ) = 2 5 , 4 3 7 . 8  
A . C .  A i r  Mo i s tu r e  F l ow ( l bh 2 o /h r ) = 1 0 . 3  
( 1 0 0 . 0% )  
( 1 0 0 . 0 % ) 
( 9 4 . 4 � )  
( 9 2 . 8% )  
( 5 . 5 % )  
( 5 . 6 % )  
To tal Heat Ga i n  D u e  T o  S ows - L i t t e r s  ( B t u / h r ) = 9 , 1 0 8 ( 2 . 0 % )  
Mo i s tu r e  Added B y  S ows - L i t t e r s  ( l bh 2 o / h r ) = 4 . 2  ( 5 . 6 % )  
Equ i pme n t  ( L i gh t s ) H e a t  Ga i n  ( B tu / h r ) - 0 
Mo i s tu r e  Add ed B y  D r i ppe r s  ( l bh 2 o / h r ) = 0 
Heat Added B y  D r i p  Wa t e r  ( B t u / h r ) = 0 
M i s c e l l an e o u s  H e a t  Ga i n/ Lo s s  ( B t u / h r ) = - 8 , 7 8 3 . 3  
Mi s c e l l an e o u s  M o i s t u r e  Ga i n / L o s s  ( l bh 2 o / h r ) = - 1 . 4 
P i t  S u r face T empe r a t u r e  ( F )  = 7 5 . 0  
N o t e : Numbe r s  i n  pa r a n t h e s i s  a r e  pe rcen t s  o f  � o t a l  
( .0% ) 
( 0 % )  
( 0% )  
( � 1 . 9% .)  
( - 0 . 8% ) 
Tabl e D . 1 .  ( c on t i n u e d ) 
Exhau s t  
Exhau s t  
Exhau s t  
Exhaus t 
Exhau s t  
Exhaus t 
Exhaus t 
Exhau s t  
Exhau s t  
Ou ts i de 
Out s i de 
Out s ide 
Out s i de 
Ou ts i de 
Ou t s i de 
Ou t s i de 
Ou ts i de 
Out s i de 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  Ai r 
A . C .  A i r 
A . C �  A i r  
A i r  
A i r  
A i r  
A i r  
A i r 
A i r 
A i r 
A i r 
A i r 
A i r 
A i r 
A i r  
A i r 
A i r 
A i r 
A i r 
A i r  
A i r  
R o om 3 ( Con t r o l ) 
T empe r a t u r e  ( F )  = 9 0 . 0  
Re l a t i v e  H um i d i ty ( % )  = 5 0 . 0  
E n t ha l py ( B t u / l bda ) = 3 8 . 3  
H um i d i t y  Ra t i o  ( l bh 2 o / l bda ) = 0 . 0 1 5 1  
S pec i f i c  V o l ume ( ft A 3 / l bda ) = 1 4 . 2  
F l ow Ra t e  ( c fm ) = 2 , 9 0 6 . 0  
Ma s s  F l ow ( lbda /h r )  = 1 2 , 2 8 6 . 8  
H e a t  F l ow ( Bt u / h r ) = 4 7 0 , 1 2 6 . 2  
Mo i s tu re F l ow ( lbh 2 o /h r ) = 1 8 5 . 9  
Temp er a t u r e  ( F )  = 9 1 . 0  
Re l a t i ve H um i d i t y  ( % )  = 4 8 . 0  
En th a l py ( B t u / l bda ) = 3 8 . 2  
Hum i d i t y  R a t i o  ( lbh 2 o / l bda ) = 0 . 0 1 4 8 
Spec i f i c  Vo l ume ( f t A 3 / l bda ) = 1 4 . 2  
F l ow Ra t e  ( c fm ) = 2 , 9 1 0 . 0  
Ma s s  F l ow ( l bda /h r ) = 1 2 , 2 8 6 . 8  
H ea t  F l ow ( Bt u / h r } = 4 6 9 , 2 2 0 . 3  
M o i s t ur e  F l ow ( l bh 2 o / h r ) = 1 8 2 . 3  
Tempe rat u r e  ( F ) = 0 
Re l a t i ve H um i di t y  ( " ) = 0 
Ent h a l py ( Bt u / l bda ) = 0 
Hum i d i ty Ra t i o  ( lbh 2 o / lbda ) = 0 
S pe c i f i c  Vo l um e  ( f t A 3 / l bda ) = 0 
F l ow Ra t e  ( c fm ) = 0 
Mas s F l ow ( l bda / h r ) = 0 
H e a t  Fl ow ( B t u / h r ) = 0 
M o i s t u r e  F l ow ( l bh 2 o / h r ) = 0 
1 1 4 
( 1 0 0 . 0% )  
( 1 0 0 . 0" )  
( 9 9 . 8 % )  
( 9 8 . 4 % ) 
( 0 . 0% )  
( 0 . 0% )  
T o t a l  H e a t  Ga i n  Due To S ows - L i t t e r s  ( Bt u / h r ) =  1 2 , 3 0 0  ( 2 . 6 % )  
Mo i s ture Added B y  S ow s - L i t te r s  · ( l bh 2 o / h r ) = 5 . 8  ( 3 . 1 % )  
E qui pmen t  ( L i gh t s ) H e a t  Ga i n  ( B tu / h r ) = 0 
Mo i s ture Add e d  By D r i ppe r s  ( l bh 2 o / h r ) = 0 
Heat Add ed B y  D r i p  Wa t e r  ( B t u / h r ) = 0 
M i s c e l l an e o u s  H e a t  Ga i n / Lo s s  ( B tu / h r ) = - 1 1 , 3 9 4 . 1 
M i s c e l l an e o u s  Mo i s tu r e  Ga i n / Lo s s  ( l bh 2 o /h r ) = - 2 . 8  
P i t S u r fa c e  T empe r a t u r e  ( F )  = 7 5  
N o t e : Numbe r s  i n  p a r a n t h e s i s  are pe rc e n t s  o f  t o t a l  
( 0% )  
( 0% )  
( 0% )  
( - 2 . 4 % )  
( - 1 . 5 % )  
Tab l e  D . 1 .  ( c o n t i nued ) 
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t 
Exhau s t  
Exhaus t  
Exhau s t  
Exhau s t  
A i r 
A i r  
A i r 
A i r  
A i r 
A i r 
A i r  
A i r  
A i r  
Room 5 ( D r ip C o o l ) 
Tempe r a t u r e  ( F )  = 9 0 . 0  
Re l a t i v e Hum i d i t y ( % )  = 5 0 . 0  
En t h a l py ( B t u / l bda ) = 3 8 . 3  
Hum i d i t y Rat i o  ( lbh 2 o / lbda ) = 0 . 0 1 5 1  
Spe c i f i c  Vo l ume ( f t A 3 / lbda ) = 1 4 . 2  
F l o w R a t e  ( c fm ) = 3 , 0 1 6 . 0  
Ma s s  F l ow ( l bda / h r ) = 1 2 , 7 5 1 . 8  
Heat Fl ow ( B tu / h r ) = 4 8 7 , 9 2 1 . 7  
Mo i s tu r e  F l ow ( l bh 2 o / h r ) = 1 9 2 . 9  
Ou t s i de A i r Tempe r a t u r e  ( F )  = 9 1 . 0  
Ou t s i de A i r Re l a t i ve H um i d i ty ( X )  = 4 8 . 0  
Out s i d e  A i r Enth a l py ( B t u / l bda ) = 3 8 . 2  
Ou t s i d e  A i r Hum i d i t y Ra t i o  ( 1 Qh 2 o / l bda ) = 0 . 0 1 4 8 
Outs i d e  A i r Spec i f i c  Vo l um e  ( ft A 3 / lbda ) = 1 4 . 2  
Ou t s i de A i r  F l ow R a t e  ( c fm ) = 3 , 0 2 0 . 1 
Ou ts ide A i r Ma s s  F l ow ( l bda / h r ) = 1 2 , 7 5 1 . 8  
Ou t s i de A i r Heat F l ow ( B tu / h r ) = 4 8 6 , 9 8 1 . 6  
Ou ts i de A i r Mo i s tu r e  F l ow ( l bh 2 o /h r ) = 1 8 9 . 2  
A . C .  A i r Tempe ra t u r e  ( F )  = 0 
A . C .  A i r  Re l a t i v e H um i d i ty ( % )  = 0 
A . C .  A i r  E n th a l py ( B tu / l bda ) = o . 
A . C .  A i r  Hum i d i t y  Ra·t i o  ( l bh 2 o / l bda ) = 0 
A . C .  A i r S pec i f i c  Vo l ume ( f t " 3 / l bda ) = 0 
A . C .  A i r Fl ow R a t e  ( c fm ) = 0 
A . C .  A i r  Mas s F l ow ( l bda / h r ) = 0 
A . C .  Ai r H e a t  F l ow ( B t u / h r ) = 0 
A . C .  A i r Mo i s tu r e  F l ow ( l bh 2 o / h r ) = 0 
1 1 5 
( 1 0 0 . 0% )  
( 1 0 0 . 0% )  
( 9 9 . 8% )  
( 9 8 . 1 % ) 
( 0 .  0 % ) 
( 0 . 0% )  
Total Heat Ga i n  D�e T o  S ows - L i t t e r s  ( B t u / h r ) = 1 0 , 7 0 4  ( 2 . 2 % )  
Mo i s tu r e  Added B y  S ows - L i t t e r s  ( lbh 2 o / h r ) = 5 . 0  ( 2 . 6 % )  
Equ i pment ( L i gh t s ) H e a t  Ga i n  ( B tu/ h r ) = 4 2 5 . 0  
Mo i s t u r e  Added By D r i ppe r s  ( l bh 2 o / h r ) = 5 . 4  
Heat Added By Dr i p  Wa t e r  ( B t u / h r ) = 2 3 0 . 4  
M i s c e l l an e o u s  H e a t  Ga i n / Lo s s  ( B tu/ h r ) = - 1 0 , 4 1 9 . 2  
M i s ce l l an e ous Mo i s tu r e  Ga i n / L o s s  ( l bh 2 6 / h r ) = - 6 . 6  
P i t  S u r face Tempe r a t u r e  ( F )  = 7 5 . 0  
N o t e : Numbe r s  i n  pa r a n th e s i s  are pe rcen t s  o f  t o t a l 
( 0 . 1 % )  
( 2 . 8 % ) . 
(. 0 .  1 %  ) . 
( - 2 . 1 % ) 
( - 3 . 5 % ) 
1 1 6 
Tabl e D . 2 .  H ea t  and Mo i s t ure Ba l ance Da ta f o r J u l y  7 ,  · 1 9 8 7  
Room 1 ( S nou t  Co o l ) 
Exhau s t  A i r  T empe r a t u r e  ( F )  = 8 1 . 0  
Exhau s t  A i r  Re l a t i ve H um i d i t y ( % )  = 6 5 . 0  
Exhau s t  A i r  E n th a l py ( Bt u / l bda ) = 3 5 . 6  
Exhau s t  A i r  Hum i d i t y Rat i o  ( lbh 2 o / l bda ) = 0 . 0 1 4 7 
Exhau s t  A i r S pe c i f i c  Vo l ume ( f t A 3 / l bda ) = 1 4 . 0  
Exhaus t A i r  F l ow Ra t e  ( c fm ) = 2 , 9 0 6 . 0  
Exhaus t A i r Ma s s  F l ow ( l bda / h r ) = 1 2 , 4 9 8 . 8  
Exhau s t  A i r H e a t  F l ow ( Bt u / h r ) = 4 4 5 , 2 1 1 . 5  
Exhaus t A i r Mo i s tu r e  F l ow ( l bh 2 o /h r ) = 1 8 4 . 3  
Ou t s i de 
Ou t s i de 
Ou ts i de 
Ou t s i de 
Out s i de 
Ou t s i de 
Ou t s i de 
Out s i de 
Out s i de 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A .  C .  A i r  
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r 
A i r 
A i r  
A i r 
A i r  
A i r  
A i r 
A i r  
A i r  
A i r  
Temp e r a t u r e  ( F )  = 8 1 . 0  
Re l a t i ve H um i d i t y ( % )  = 6 3 . 0  
E n t h a l py ( B t u / l bda ) = 3 5 . 0  
Hum i d i t y Rat i o  ( lbh2 o / l bda ) = 0 . 0 1 4 1  
S pe c i f i c  V o l ume ( f t A 3 / l bda ) = 1 3 . 9  
F l ow Ra t e  ( c fm ) = 2 , 6 8 3 . 8 
Ma s s  F l ow ( l bda / h r )  = 1 1 , 5 5 3 . 8  
H e a t  F l ow ( B t u / h r ) = 4 0 3 , 9 9 1 . 8  
Mo i s tu r e  F l ow ( l bh 2 o /h r ) = 1 6 3 . 5  
Tempe ra t u r e  ( F )  = 6 2 . 0  
7 4 . 0  R e l a t i v e  Hum i d i t y ( % )  = 
E n th a l py ( B tu / l bda ) = 2 4 . 4  
H um i d i ty Ra t i o ( l bh 2 o / l bda ) = 0 . 0 0 8 7  
S pec i f i c  Vo l ume ( f t A 3 / l bda ) = 1 .3 .  3 
F l ow Ra t e  ( c fm ) = 2 1 0 . 0  
Ma s s  F l ow ( l bda / h r ) = 9 4 5 . 0  
H e a t  F l ow ( Bt u / h r ) = 2 3 , 0 4 9 . 3  
Mo i s tu r e  F l ow ( l bh 2 o / h r. )  = 8 . 3  
( 1 0 0 . 0% )  
( 1 0 0 . 0% )  
( 9 0 . 7 % )  
( 8 8 . 7 % )  
( 5 .  2 % ) 
. ( 4 .  5 % ) 
T o t a l Hea t Ga i n  Due T o  S ows - L i t te r s  ( B t u / h r ) = 1 2 , 3 0 0  ( 2 . 8% )  
M o i s ture Added B y  S ows - L i t t e r s  ( l bh 2 o / h r ) = 5 . 8  ( 3 � 1 % )  
E qu i pmen t  ( L i g h t s ) H e a t  Ga i n  ( B t u / h r ) = 2 , 9 5 1 . 4  
Mo i s ture Added By Dr i ppe r s  ( l bh 2 o / h r ) = 0 
· H eat Added By D r i p  Wat e r  ( B t u / h r ) = 0 · 
M i s c e l l an e o u s  H e a t  Ga i n / Lo s s  ( B t u / h r ) = 2 , 9 1 9 . 1 
M i s c � l l an e o u s  Mo i s tu r e  Ga i n / Lo s s  ( l bh 2 o / h r ) = 6 . 8  
P i t  S u r fa c e  Tempe ra t u r e  ( F )  = 7 4 . 0  
N o t e : Numbe r s i n  pa ranth e s i s  a r e  pe rcen t s  o f  t o t
a l  
( 0 . 7 % )  
( 0% )  
( 0% )  
( 0 . 7 % .)  
( 3 .  7 % ) 
Tabl e D . 2 .  ( c on t i nued ) 
R o om 3 ( Con t r o l ) 
Exhau s t  A i r  T empe r a t u r e  ( F )  = 8 4 . 0  
Exhaus t A i r  Re l a t i ve H um i d i t y ( % )  = 6 1 . 0  
Exhau s t  A i r  En t h a l py ( Bt u / l bda ) = 3 7 . 0  
Exh a u s t  A i r  Hum i d i t y  Ra t i o  ( l bh 2 o / l bda ) = 0 . 0 1 5 3 
Exhau s t  A i r S p e c i f i c  Vo l um e  ( f t A 3 / l bda ) = 1 4 . 0  
Exhau s t  A i r  F l ow Rat e ( c fm ) = 2 , 7 4 0 . 8  
Exhau s t  A i r  Ma s s  F l ow ( l bda / h r ) = 1 1 , 7 1 3 . 8  
Exhau s t  A i r  H e a t  F l ow ( Bt u / h r ) = 4 3 2 , 5 3 9 . 5  
Exhau s t  A i r  Mo i s t u r e  F l ow ( l bh 2 o / h r ) = 1 7 8 . 7  
Ou t s i de 
Out s i de 
Out s i de 
Ou t s i de 
Out s i de 
Ou t s i de 
Ou t s i de 
Ou t s i de 
Ou t s i de 
A . C .  Ai r 
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A i r  
A i r  
A i r  
A i r  
A i r 
A i r  
A i r  
A i r 
A i r 
Tempe r a t u r e  ( F )  = 8 1 . 0  
Re l a t i ve H um i d i t y  ( % )  = 6 3 . 0  
E n th a l py ( Bt u / l bda ) = 3 5 . 0  
Hum i d i t y R a t i o  ( l �h 2 o / l bda ) = 0 . 0 1 4 1  
S pec i f i c  Vo l ume ( ft A 3 / l bda ) = 1 3 . 9  
F l ow R a t e  ( c fm ) = 2 , 7 2 1 . 0  
Ma s s  F l ow ( l bda / h r ) = 1 1 , 7 1 3 . 8  
H e a t  F l ow ( B t u / h r ) = 4 0 9 , 5 8 6 . 0  
Mo i s tu r e  F l ow ( l bh 2 o / h r ) = 1 6 5 . 7  
T empe r a t u r e  ( F )  = 0 
R e l a t i v e H um i d i t y  ( % )  = 0 
E n th a l py ( B tu / l bda ) = o . 
Hum i d i t y  Ra t i o  ( l bh 2 o / l bda ) = 0 
S pe c i f i c  Vo l ume ( f t "' 3 / l bda ) = 0 
F l ow Ra t e  ( c fm ) = 0 
Mas s F l ow ( l bda / h r ) = 0 
Hea t F l o w  ( B t u / h r ) = 0 
M o i s t u r e  F l ow ( l bh 2 o / h r ) = 0 
1 1 7 
( 1 0 0 . 0% )  
( 1 0 0 . 0% )  
( 9 4 . 7 % )  
( 9 2 . 7 % )  
( 0 . 0% )  
( 0 . 0% )  
T o t a l  H e a t  Ga i n  Due T o  S ows - L i t t e r s  ( B tu / h r ) =  1 0 , 7 0 4 ( 2 . 5% )  
Mo i s ture Added By S ows - L i t t e r s · ( l bh 2 o /h r ) = 5 . 0  ( 2 . 8% )  
Equ i pm e n t  ( L i g h t s ) H e a t  Ga i n  ( B t u / h r ) = 3 , 3 7 7 . 9  
Mo i s t ure Added B y  Dr i pp e r s  ( l bh 2 o / h r ) = 0 
H e a t  Add ed By Dr i p  Wa t e r  ( B t u / h r ) = 0 
M i s c e l l an e o u s  H e a t  Ga i n / Lo s s  ( B t u / h r ) = 8 , 8 7 1 . 7  
M i sc e l l a n e o u s  Mo i s tu r e  Ga i n / L o s s  ( lbh 2 6 / h r ) = 8 . 0  
P i t S u r fac e Tempe r a t u r e  ( F )  = 7 4 . 0  
Note : Numbe r s  i n  pa ran t h e s i s  are pe r c en t s  o f  t o t a l  
( 0 . 8% )  
( 0 % ) 
( .0 % ) 
( 2 . 1 % )  
( 4 . 5 % )  
Tab l e  D . 2 .  ( c o n t i n u e d ) 
R o om 4 ( D r ip C o o l ) 
Exhaus t A i r  T empe r a t u r e  ( F )  = 8 1 . 5  
Exhau s t  A i r  Re l a t i v e Hum i d i ty ( % )  = 6 5 . 5  
Exhau s t  A i r  E n th a l py ( B t u / l bda ) = 3 6 . 1  
Exhaus t A i r  Hum i d i t y  R a t i o  ( l bh 2 o / l bda ) = 0 . 0 1 5 1  
Exhau s t  A i r S pe c i f i c  Vo l ume ( f t A 3 / l bda ) = 1 4 . 0  
Exhau s t  A i r  F l ow Ra t e  ( c fm ) = 2 , 8 2 3 . 5  
Exhau s t  A i r Mas s F l o w  ( l bda / h r ) = 1 2 , 1 2 5 . 8  
Exhau s t  A i r  He at F l ow ( B tu / h r ) = 4 3 8 , 2 8 5 . 3  
Exhau s t  A i r  Mo i s tu r e  F l ow ( l bh 2 o /h r ) = 1 8 3 . 2  
Ou t s i de 
Out s i de 
Out s i de 
Ou t s i de 
Ou t s i de 
Ou t a i de 
Ou ts i de 
Out s i d e  
Ou t s i de 
A . C .  A i r  
A . C .  A i r  
A . C .  A i r  
A . C .  A i r  
A . C .  A i r  
A . C .  A i r  
A . C .  A i r 
A . C .  A i r  
A .  C .  A i r 
A i r 
A i r  
A i r  
A i r  
A i r  
A i r 
A i r  
A i r 
A i r 
Tempe r a t u r e  ( F )  = 8 1 . 0  
Re l at i ve H um i d i t y ( % )  = 6 3 . 0  
E n t h a l py ( Bt u / l bda ) = 3 5 . 0  
Hum i d i t y Rat i o  ( l �h 2 o / l bda ) = 0 . 0 1 4 1  
S pe c i f i c  Vo l um e  ( ft "' 3 / l bda ) = 1 3 . 9  
F l ow Rate ( c fm ) = 2 , 8 1 6 . 6  
Mas s  F l ow ( l bda / h r ) = 1 2 , 1 2 5 . 8  
H e a t  F l ow ( B t u / h r ) = 4 2 3 , 9 9 3 . 1  
Mo i s t u r e  F l ow ( l bh 2 o / h r ) = 1 7 1 . 6  
Tempe r a t u r e  ( F )  = 0 
Re l a t i ve H um i d i ty ( % )  = 0 
E n t h a l p y  ( Bt u / l bda ) = 0 · 
Hum i d i ty Rat i o  ( l bh 2 o / l bda ) = 0 
S pec i f i c  Vo l ume ( f t "' 3 / l bda ) = 0 
F l o w  Ra t e  ( c fm ) = 0 
Mas s F l ow ( lbda / h r ) = 0 
Heat Fl ow ( B t u / h r ) = 0 
M o i s t u r e  F l ow ( l bh 2 o / h r ) = 0 
T o t a l  Heat Ga i n  Du·e To S ows - L i t t e r s  ( B tu / h r ) = 9 , 1 0 8 
M o i s tu r e Adde d  By S ows - L i t t e r s  · ( l bh 2 o / h r ) = 4 . 2  
Equ i pmen t  ( L i g h t s ) H e a t  Ga i n  ( Bt u / h r ) = 2 , 9 5 1 . 4  
Mo i s ture Added By D r i ppe r s  ( l bh 2 o / h r ) = 5 . 0  
H e a t  Adde d  By D r i p  Wa t e r  ( B t u / h r ) = 2 0 2 . 9  
M i s c e l lan e o u s  H e a t  G a i n / L o s s  ( Btu/ h r ) = 2 , 0 2 9 . 9  
M i s c e l lan e o u s  Mo i s tu r e  Ga i n / L o s s ( l bh 2 o / h r ) = 2 . 4  
P i t S u r face T empe ra t u re ( F )  = 7 4 . 0  
N o t e : Numbe r s  i n  pa r a n t h e s i s  a r e  p e r c en t s  o f  t o t a l  
1 1 8 
( 1 0 0 . 0 % )  
( 1 0 0 . 0% )  
( 9 6 . 7 % )  
( 9 3 . 6 % )  
( 0 . 0% )  
( 0 . 0% )  
( 2 . 1 % )  
( 2 . 3 % )  
( 0 . 7 % )  
( 2 .  7 % ) 
( 0 . 1 % )  
( 0 . 5 % )  
( 1 • 3 % ) 
1 1 9 
Tab l e  D . 3 .  H e a t  and Mo i s t u r e  B a l ance Data f o r  J u l y  2 9 , 1 9 8 7  
E x h au s t  
Exhau s t  
Exhaus t 
Exhaus t 
Exhau s t 
Exhau s t  
Exhau s t  
Exhaus t 
Exhau s t  
A i r  
A i r  
A i r  
A i r  
A i r 
A i r  
A i r 
A i r  
A i r  
Room 1 ( S nout Coo l ) 
Tempe r a t u r e  ( F ) = 8 9 . 5  
Re l a t i ve Hum i d i t y ( � )  = 6 5 . 0  
E n t ha l py ( Bt u / l bda ) = 4 3 . 0  
H um i d i ty Rat i o  ( lbh 2 o / l bda ) = 0 . 0 1 9 5 
S pec i f i c  Vo l um e  ( f t � 3 / l bda ) = 1 4 . 3  
F l ow Rat e  ( c fm ) = 2 , 3 2 7 . 3  
Ma s s  F l ow ( l bda / h r ) = 9 , 7 8 1 . 9  
H e a t  F l ow ( B t u / h r ) = 4 2 0 , 0 9 6 . 0  
Mo i s t u r e  F l ow ( l bh 2 o / h r ) = 1 9 0 . 7  
Out s i de A i r Tempe r a t u r e  ( F )  = 9 2 . 3  
Ou t s i d e  A i r Re l at i ve Humi d i t y ( � )  = 5 7 . 0  
Out s i de A i r En t h a l py ( B t u / l bda } = 4 2 . 5  
Out s i d e  A i r Hum i d i t y Ra t i o  ( l bh 2 o / l bda ) = 0 . 0 1 8 4 
Out s i de A i r  S pe c i f i c  Vo lume ( ft A 3 / l bda ) = 1 4 . 3  
Ou t s i de A i r F l ow R a t e  ( c fm ) = 2 , 1 1 7 . 5  
Out s i de A i r  Ma s s  F l ow ( l bda / h r )  = 8 , 8 7 0 . 7  
Out s i de A i r  H e a t  F l ow ( B t u / h r ) = 3 7 6 , 5 4 3 . 6  
Ou t s i de A i r Mo i s t u r e  F l ow ( l bh 2 o /hr ) = 1 6 3 . 4  
A . C .  Ai r Tempe r a t u r e  ( F )  = 7 5 . 0  
A . C .  A i r R e l a t i v e Hum i d i t y  ( % )  = 8 7 . 0  
A . C .  A i r Enth a l py ( B t u / l bda ) = 3 5 . 8  
A . C .  A i r Hum i d i t y Rat i o  ( l bh 2 o / l bda ) = 0 . 0 1 6 2  
A . C .  A i r Spec i f i c  Vo lume ( f t A 3 / l bda ) = 1.3 . 8  
A . C .  A i r  F l ow Ra t e  ( c fm ) = 2 1 0 . 0  
A . C �  A i r Ma s s  F l ow ( l bda / h r )  = 9 1 1 . 2  
A . C .  A i r Heat F l ow ( B t u / h r ) = 3 2 , 5 9 3 . 5  
A . C .  A i r Mo i s t u r e  F l ow ( l bh 2 o /h r ) = 1 4 . 8  
( 1 0 0 . 0% )  
( 1 0 0 . 0% )  
( 8 9 . 6 % )  
( 8 5 . 7 % )  
( 7 . 8 % )  
( 7 . 8% )  
T o t a l  Heat Ga i n  Due To S ows - L i t t e r s  ( Bt u / h r ) = 1 2 , 3 0 0  ( 2 . 9 % )  
M o i s ture Added B y  S ow s - L i t t e r s ( l bh 2 o / h r ) = 5 . 8  ( 3 � 0% )  
Equ i pment ( L i g h t s ) H e a t  Ga i n  ( Bt u / h r ) = 3 , 0 4 6 . 9  
. Mo i s ture Added B y  D r i ppe r s  ( l bh 2 o / h r ) = 0 
Heat Added By D r i p  Wa t e r  ( B t u / h r ) = 0 
M i s c e l l an e o u s  H e a t  Ga i n / Lo s s  ( B t u / h r ) = - 4 , 3 8 8 . 0  
M i s c e l l ane o u s  M o i s tu r e  Ga i n / Lo s s  ( l bh 2 o / h r ) = 6 . 7  
P i t S u r fac e Tempe r a t u r e  ( F )  = 7 8 . 0  
N o t e : Numbe r s  i n  pa r a n t h e s i s  a r e  pe r c e n t s  o f  t o t a l  
( 0 .  7 % ) 
( 0% )  
( 0% )  
( 1 . 1 % )  
( 3 . 5 % )  
Tab l e  D . 3 .  { c on t i nued ) 
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Out s i de 
Ou t s i de 
Ou t s i de 
Ou t s i d e  
Ou t s i de 
Ou t s i d e  
Ou t s i de 
Ou t s i de 
Ou t s i de 
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r 
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r 
A . C �  A i r 
A i r 
A i r  
A i r 
A i r  
A i r 
A i r  
A i r  
A i r  
A i r  
A i r 
A i r 
A i r 
A i r 
A i r 
A i r  
A i r  
A i r 
A i r  
R o om 3 ( Co n t r o l ) 
Tempe rature ( F )  = 8 9 . 5  
Re l a t i v e  Hum i d i t y  ( % )  = 6 6 . 5  
E n t ha l py ( B t u / l bda ) = 4 3 . 5  
Hum i d i t y Rat i o  ( l bh 2 o / l bda ) = 0 . 0 2 0 0  
S pe c i f i c  Vo l ume ( f t A 3 / l bda ) = 1 4 . 3  
F l ow Ra t e  ( c fm ) = 2 , 2 5 6 . 4  
Ma s s  Fl ow ( l bda /h r )  = 9 , 4 7 7 . 0  
Heat F l ow ( Bt u / h r ) = 4 1 1 , 8 4 8 . 7  
Mo i s t u r e  F l ow ( l bh 2 o / h r ) = 1 8 9 . 1 
Tempe r a t u r e  ( F )  = 9 2 . 3  
Re l a t i ve H um i d i t y ( X )  = 5 7 . 0  
Enth a l py ( B t u / l bda ) = 4 2 . 5  
Humi d i t y Rat i o  ( l bh 2 o / l bda ) = 0 . 0 1 8 4 
S pec i f i c  Vo l ume ( ft A 3 / lbda ) = 1 4 . 3  
F l ow Ra t e  ( c fm ) = 2 , 2 6 2 . 3  
Ma s s  Fl ow ( l bda / h r ) = 9 , 4 7 7 . 0  
Heat Fl ow ( B t u / h r ) = 4 0 2 , 2 8 2 . 5  
Mo i s t u r e  F l ow ( l bh 2 o /h r ) = 1 7 4 . 6  
T empe r a t u r e  ( F )  = 0 
Re l a t i v e  Hum i d i t y  ( % )  = 0 
E n th a l py ( B t u / l bda ) = 0 
Hum i d i t y  Ra t i o  ( l bh 2 o / l bda ) = 0 
S pe c i f i c  Vo l ume ( f t "" 3 / l bda ) = 0 
F l ow Ra t e  ( c fm ) = 0 
Ma s s  F l ow ( l bda / h r )  = 0 
Heat F l ow ( B t u / h r ) = 0 
Mo i s tu r e  F l ow ( l bh 2 o / h r ) = 0 
1 2 0 
( 1 0 0 . 0% )  
( 1 0 0 . 0% )  
( 9 7 . 7 % )  
( 9 2 . 3 % )  
( 0 . 0% )  
( 0 . 0 % )  
T o t a l  Heat Ga i n  Du� T o  S ows - L i t t e r s  ( Bt u / h r ) =  9 , 1 0 8 . 
Mo i s tu r e  Added By S ows - L i t t e r s  ( l bh 2 o / h r ) = 4 . 2  
( 2 .  2 % ) 
. ( 2 • 2 % ) 
Equ i pmen t  ( L i gh t s ) Heat Ga i n  ( B tu / h r ) = 1 , 7 6 7 . 4  
Mo i s tu r e  Added By D r i ppe r s  { l bh 2 o / h r ) = 0 
Heat Added By D r i p  Wa t e r  ( B t u /h r ) = 0 
M i s c e l l a n e o u s  Hea t Ga i n / Lo s s  ( B t u / h r ) = - 1 , 3 0 9 . 2  
M i s c e l l ane o u s  M o i s tu r e  Ga i n / Lo s s  ( lbh 2 o / h r ) = 1 0 . 3  
P i t  S u r fac e Tempe r a t u r e  ( F )  = 7 8  
N o t e : Numbe r s  i n  paran t h e s i s  a r e  pe rc e n t s  o f  t o t a l  
( 0 ·• 4 % ) 
( 0 % )  
( 0 % )  
( - 0 . 3 % )  
( 5 .  5 % ) 
T ab l e D . 3 .  ( c on t i nued ) 
Exhau s t  
Exhau s t 
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Exhau s t  
Ou t s i d e  
Out s i de 
Out s i de 
Out s i de 
Out s i d e  
Out s i d e  
Out s i d e  
Out s i de 
Out s i de 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r  
A . C .  A i r 
A . C .  A i r  
A . C .  A i r  
A . C .  A i r 
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
A i r  
Room 4 ( D r ip C oo l ) 
T empe r a t u r e  ( F )  = 8 7 . 5  
Re l a t i ve Hum i d i t y  ( % )  = 6 8 . 5  
E n t h a l py ( B tu/ l bda ) = 4 2 . 2  
Hum i d i t y  Rat i o  ( lbh 2 o / l bda ) = 0 . 0 1 9 3  
S pe c i f i c  Vo l ume ( f t "' 3 / lbda ) = 1 4 . 2  
F l ow Ra t e  ( c fm ) = 2 , 5 6 3 . 6  
Mas s  F l ow ( lbda / h r ) = 1 0 , 8 1 8 . 1 
Heat F l ow ( B tu / h r ) = 4 5 6 , 6 8 0 . 9  
Mo i s t u r e  F l ow ( l bh 2 o / h r ) = 2 0 8 . 6  
Tempe r a t u r e  ( F )  = 9 2 . 3  
Re l a t i ve Hum i d i t y  ( X )  = 5 7 . 0  
E n t h a l py ( B tu / l bda ) = 4 2 . 5  
Hum i d i ty Ra t i o  ( lbh 2 o / l bda ) = 0 . 0 1 8 4 
Spec i f i c  Vo l ume ( f t "' 3 / lbda ) = 1 4 . 3  
Fl ow R a t e  ( c fm ) = 2 , 5 8 2 . 4  
Mas s  F l ow ( lbda/ h r ) = 1 0 , 8 1 8 . 1 
Heat F l ow ( B tu / h r ) = 4 5 9 , 2 0 6 . 6  
Mo i s tu r e  F l ow ( lbh 2 o /h r ) = 1 9 9 . 3  
T empe rat u r e  ( F )  = 0 
Re l a t i v e Hum i d i ty ( % )  = 0 
E n t h a l py ( B tu / l bda ) = 0 
Hum i d i t y  Rat·i o  ( l bh 2 o / l bda ) = 0 
Spec i f i c  Vo l ume ( f t "' 3 / lbda ) = 0 
F l ow Ra t e  ( c fm ) = 0 
Ma s s  F l ow ( l bda / h r ) = 0 
Heat F l ow ( B t u / h r ) = 0 
Mo i s tu r e  F l ow ( lbh 2 o / h r ) = 0 
1 2 1  
( 1 0 0 . 0% )  
( 1 0 0 . 0% )  
< 1 o·o .  6 %  > 
( 9 5 . 5 % )  
( 0 . 0% )  
( 0 . 0 % )  
T o t a l  H e a t  Ga i n  Due To S ows - L i t t e r s  ( B tu / h r ) = 9 , 1 0 8 . 
Mo i s tu r e  Added B y  S ows - L i t t e r s  ( l bh 2 o / h r ) = 4 . 2  
( 2 . 0 % )  
( 2 . 0 % )  
E qu i pm e n t  ( L i gh t s ) H e a t  Ga i n  ( B t u / h r ) = 9 1 4 . 4  
Mo i s t u r e  Added By D r i ppe r s  ( l bh 2 o / h r ) = 5 . 0  
H e a t  Added By D r i p  Wat e r  ( Btu /h r ) = 2 3 5 � 5  
· M i s c e l l an e o u s  H e a t  Ga i n / L o s s  ( B t u / h r ) = - 1 2 , 7 8 3 . 6  
M i s c e l l an e o u s  Mo i s t u r e  Ga i n / L o s s ( l bh 2 o / h r ) = 0 . 1 
P i t S u r face Tempe r a t u r e  ( F )  = 7 8 . 0  
N o t e : Numb e r s  i n  paranth e s i s  a r e  p e r c en t s  o f  t o t a l  
( 0 . 2 % )  
( 2 . 4 % )  
( 0 . 1 % )  
( - 2 . 8 % )  
( 0 . 1 8 % )  
APPEND I X  E :  S ow and p i g l e t  raw da ta f o r  1 9 8 6  and 1 9 8 7  
Table E .  Sow and l itter data for 1 9 8 6  - 1 9 8 7 . 
De f init ion o f  Variables 
T r t - t reatment (0 for cont rol , 1 f or snout coo l , 2 for dr i p  cool ) 
T i me - cyc l es through rooms ( 1  f or f i rs t  cyc l e  1 987, 2 for second cyc l e  1 987 ,  3 f o r  th i rd cyc l e  1 987, 
4 for f i rst cyc l e  1 986 ,  5 for second cyc l e  1 986 )  
SN - sow nuJber PG07D - date pi g l et s  were we i ghed day seven * 
SFD - sow farrow date * PG07 - nuJber of we i ghed day seven 
SF\J - sow far row we i ght ( l bs ) L\J07 - l i t ter we i gh t  at day seven ( l bs )  
S\JO - sow and l i t ter wean date * P\J - nuJber of pi g l et s  weaned 
sw - sow wean we i ght C l bs )  LW - l i t ter wean we i gh t  ( l bs )  
SED - sow es t rus date after wean i ng * PR - number of pi g l et s  removed dur i ng l actat i on  
ST F - sow tot a l  feed dur i ng l actat i on  ( l bs )  LN - l i t ter number for the sow 
BA - number of pi g l et s  born a l i ve PAR - Par i ty ( 1  for l i t ters one and two ,  2 f or a l l others ) 
P F  - number of pi g l ets we i ghed at f arrow i ng PBA - far row day backfat <mm> 
L T F\J - l i tt er we i gh t  at farrow i ng ( l bs ) \JBA - wean day bac�fat (mm) 
N 1  - number o f  days dur i ng l actat i on  w i th av�rage da i l y outs i de  temperature a t  o r  above 2 1  degrees C 
N2 - number of days dur i ng l actat i on  w i th average da i l y  out s i de  temperature a t  or above 24 degrees C 
N3 - number of days dur i ng l actat i on w i th average da i l y outs i de  temperature at or above 27 degrees C 
* NOTE - A l l dates are based on a thousand day ca l endar w i th day 4 1 5  z J u l y  25 , 1 986 and 726 � June 1 ,  1 987 
TRT T I ME SN SFD Sf\J SWD sw SED ST F BA P F  L T F\J PG07D PG07 LWD7 P\J LW PR LN PAR PBA �A N 1  N2 N3 
0 1 1 66  73 1  554 75 1  554 . 4  755 238 1 0  1 0  38 . 1  737 9 55 . 6  8 88 . 2  2 6 2 2 1  1 8  1 6  1 2  2 
0 1 379 73 1  426 75 1 420 756 295 1 1  1 0  34 . 1  737 1 0  59 . 4  1 0  99 . 6  0 2 2 20 1 9  1 6  1 2  2 
0 1 3 1 8  73 1 460 75 1  474 . 6  755 266 9 1 1  44 . 3  737 1 1  64 . 8 7 55 . 6  4 3 2 1 6  1 5  1 6  1 2  2 
c 1 316  73 1 449 75 1  425 759 263 1 3  1 0  33 . 8  737 1 0  53 . 6  6 5 7 . 8  4 3 2 1 6  1 7  1 6  1 2  2 
0 1 439 73 1  403 . 4  75 1  399 . 6  755 1 2  1 0  28 737 1 0  45 . 6  1 0  72 . 2  0 1 1 20 1 9  1 6  1 2  2 
a · 1 378 73 1  474 . 2  75 1 449 . 6  757 247 1 3  1 0  38 737 1 0  61 . 4  1 0  1 02 . 8  0 2 2 24 1 9  1 6  1 2  2 
0 2 448 758 441  776 408 781 1 62 8 9 32 766 9 62 . 6  9 94 . 6  0 1 1 3 1  28 1 5  8 1 
0 2 383 754 434 n6 · 4 1 2  780 260 7 1 0  45 . 6  761 1 0  73 . 6  1 0  1 24 . 6 0 3 2 20 1 8  1 7  8 1 
0 2 230 761 461 776 420 780 1 65 1 6  1 0  27.8  766 9 40 9 76 . 4  1 5 2 24 2 1  1 3  8 1 
0 2 446 758 . 380 n6 366 . 4  781 1 59 8 9 33 . 2  766 9 61 . 8  8 83 . 2  1 1 1 23 22 1 5  8 1 
0 2 447 758 369 . n6 356 781 1 55 1 2  8 23 766 8 46 8 88 . 6  0 1 1 22 19 1 5  8 1 t---1 N 
0 2 445 - 756 332 . 6  776 328 . 8  780 206 1 0  1 0  25 761 8 35 . 8  8 76 . 4  2 1 1 1 9  1 6  1 7  8 1 w 
0 3 272 788 477 806 461 81 1 247 7 1 2  42 . 6  793 1 0  54 . 2  1 0  99 2 4 2 2 1  2 1  1 3  5 2 
Table E .  ( cont inued ) 
0 3 454 788 378 806 347 . 8  81 0 204 8 1 1  3 7 . 4  793 9 43 . 6  9 95 . 8  2 1 1 21  1 8  1 3  5 2 
0 3 407 788 484 806 458 81 0 229 1 4  1 2  28 . 2  793 1 0  43 . 4  1 0  90 2 2 2 1 7  1 8  1 3  5 2 
0 3 403 788 395 806 373 809 254 1 1  1 1  34 793 8 45 8 90 . 4  3 2 2 22 2 1  1 3  5 2 
0 3 4 1 1 785 465 806 454 81 0 276 1 4  1 0  24 . 4  793 8 38 . 6  8 73 . 8  2 2 2 25 25 1 6  8 5 
0 3 399 785 478 806 436 . 6  809 288 6 9 32 . 4  793 9 65 . 6  9 1 1 2 . 6  0 2 2 20 2 1  1 6  8 5 
1 1 405 728 420 . 6  748 352 1 76 1 3  1 0  41 . 6  734 10 61 . 6  1 0  1 25 . 4 0 2 2 1 9  1 6  1 7  1 3  3 
1 1 375 728 445 748 426 75 2  255 8 9 33 734 9 5 1 . 2  8 96 . 8  1 2 2 1 4  1 4  1 7  1 3  3 
1 1 31 5 728 486 748 490 752 288 5 10 33 . 2  734 6 29 . 6  6 n . 4  4 3 2 1 5  1 9  1 7  1 3  3 
1 1 1 74 728 574 748 545 752 286 1 5  9 32 . 3  734 9 53 8 98 . 8  1 6 2 25 27 1 7  1 3  3 
1 1 140 728 499 . 6  748 485 752 288 1 2  1 0  33 . 2  734 9 54 . 6  8 1 02 . 6  2 7 2 1 6  1 5  1 7  1 3  3 
1 1 206 728 522 . 2  748 488 . 6  75 2  283 9 10 39 . 3  734 1 0  70 . 2  1 0  1 57 . 2  0 6 2 1 8  1 9  1 7  1 3  3 
1 1 387 748 457 764 473 '769 225 1 3  1 3  4 5  754 1 2  70 . 6  7 65 . 4  6 2 2 1 5  1 5  1 0  2 0 
1 1 264 748 448 764 445 768 200 1 2  1 2  4 2  754 12 61 . 6  1 1  95 1 4 2 20 1 9  1 0  2 0 
1 1 258 748 434 764 436 768 208 1 3  1 1  33 754 1 0  56 . 8  9 82 . 2  2 4 2 20 1 9  1 0  2 0 
1 1 261 748 5 1 3  764 528 768 225 1 2  1 2  29 . 2  754 1 2  54 . 8  1 2  93 . 8  0 4 2 2 2  22 1 0  2 0 
1 1 222 748 579 764 576 768 1 9 1  1 1  1 1  38 754 1 1  50 . 2  6 45 . 6  5 5 2 24 22 1 0  2 0 
1 2 388 754 467 769 45 1 m 1 99  1 1  1 0  28 . 8  761 1 0  61 . 2  1 0  1 0 1 . 6  0 2 2 25 24 1 0  3 0 
1 2 49 754 536 769. 538 2 1 8  1 1  1 0  27 . 6  761 9 5 1 . 2  6 70 . 4  4 9 3 24 24 1 0  3 0 
1 2 259 754 497 769 " 485 774 1 66  1 2  1 0  35 761 1 0  63 1 0  1 09 . 6  0 4 2 22 1 9  1 0  3 0 
1 2 250 754 467 .4  769 460 . 4  m 1 92 7 • 1 0  36 . 8  761 1 0  65 . 4  1 0  1 05 0 5 2 30 27 1 0  3 0 
1 2 386 756 448 769 436 773 90 7 9 36 . 8  761 8 50 . 4  8 85 . 8  1 2 2 2 1  1 8  1 0  3 0 
1 2 391 771 527 785 525 1 84  1 1  1 2  43 . 2  776 1 1  49 . 6  6 44 . 4  6 2 2 29 28 1 5  1 3  9 
1 2 265 766 426 792 391 796 346 6 1 0  38 . 8  771 1 0  5 5 . 4  9 1 22 . 6 1 4 2 22 1 8  23 1 6  1 2  
1 2 4 1 3  771 469 792 476 797 267 3 1 2  25 . 4  n6 1 1  40 . 6  7 78 . 4  5 2 2 25 26 21  16  1 2  
1 2 1 84 771 573 792 5 1 0  796 261 8 1 2  42 776 1 1  58 1 1  1 38 1 6 2 26 24 2 1  1 6  1 2  
1 2 1 79 771 574 792 562 797 304 1 1  1 2  49 . 6  776 1 0  53 . 4  9 1 1 0 . 4  3 6 2 23 20 2 1  1 6  1 2  
1 2 450 771 319  792 304 797 250 1 2  1 2  36 . 6  776 1 2  54 . 6  1 2  1 1 3 . 8  0 1 1 20 1 4  2 1  1 6  1 2  
1 2 449 771 327 795 295 800 281· 1 2  1 2  35 . 6  776 1 2  5 1 . 8  1 2  1 36 . 4  0 1 1 1 9  1 7  2 3  1 6  1 2  
1 3 495 782 473 . 6  803 434 81 0 255 1 0  1 0  35 . 6  789 1 0  64 1 0  1 26 . 6  0 2 2 1 9  1 6  1 8  1 1  8 
1 3 329 782 532 803 536 807 281 8 1 1  32 . 8  789 1 1  52 . 6  8 92 . 9  3 4 2 28 26 1 8  1 1  8 
, 3 1 48 779 5 1 3  803 508 807 357 1 1  1 1  4 7 . 5  789 1 0  n . 6  1 0  1 33 . 2  1 7 2 1 5  1 3  2 1  1 3  1 0  
1 . 3 401 782 45 1 803 436 807 308 1 1  1 0  36 . 4  789 1 0  63 . 6  1 0  1 35 . 4 0 2 2 22 1 8  1 8  1 1  8 
1 3 393 782 461 803 484 807 297 9 1 0  33 . 2  789 7 39 . 6  7 88 . 4  3 2 2 29 27 1 8  1 1  8 
1 3 4 1 5  805 379 825 347 . 4  830 305 1 1  1 1  40 . 4  813 1 1  73 . 2  1 1  1 35 0 2 2 2 1  2 0  4 1 0 
1 3 461 808 377 825 337 830 246 1 2  1 2  39 . 6  8 1 3  1 2  64 1 2  1 30 . 6  0 1 1 1 9  1 7  3 1 0 
1 3 164 808 5 1 2  825 489 829 255 1 0  1 0  4 7 . 4  81 3 . 1 0  75 . 8 1 0  1 38 . 6  0 8 3 29 26 3 1 0 
1 3 283 808 . 489 - 825 483 830 254 1 1  1 1  37 . 2  8 1 3  1 1  52 . 8  1 0  83 . 2  1 4 2 1 8  1 7  3 1 0 
1 3 414 805 4 1 2  825 394 83 1 287 1 1  1 1  39 . 4  8 1 3  1 1  78 . 4  1 1  1 30 0 2 2 2 1  1 8  4 1 0 � 
1 3 . 237 808 533 825 491 . 4  830 254 1 2  1 2  40 . 6  8 1 3  1 1  63 . 8  1 1  1 33 . 2  1 6 2 30 26 3 1 0 
N 
2 1 1 71 737 630 756 582 221 7 10 33 .6  743 9 46. 6  8 79 . 8  2 6 2 32 30 1 4  1 0  2 
+:" 
2 1 296 734 . " 462 756 422 . 2  761 3 1 3  1 5  14  52 . 2  740 1 1  75 . 4 1 1  1 71 . 6  3 4 2 1 3  1 3  1 5  1 1  0 
Table  E .  ( continued ) 
2 1 300 737 492 . 2  756 486 761 262 1 4  1 3  5 0  743 1 1  58 9 1 03 . 4  4 5 2 1 6  1 6  1 4  1 0  2 
2 1 2 1 6  731 5 1 7  756 495 760 34 1 1 1  1 0  4 1 . 3  737 9 · 56 . 4  8 1 04 . 4  2 5 2 19 30 1 8  1 3  3 
2 1 320 737 501 756 449 761 246 1 3  1 3  4 6  743 1 3  75 . 6 1 2  1 43 1 3 2 1 9  20 1 4  1 0  2 
2 1 381 737 474 . 2 756 360 761 1 34 1 4  1 3  3 8  743 1 3  6 7  1 3  1 29 0 2 2 1 9  1 8  1 4  1 0  2 
2 1 246 743 581 761 597 766 258 1 2  1 2  44 . 6  748 1 2  60 . 2  1 2  1 06 . 8  0 5 2 1 5  1 5  1 2  4 1 
2 1 257 748 435 761 528 766 1 84  6 13 47.6  754 1 1  66 . 4  1 1  1 03 . 4  2 4 2 20 20 7 1 0 
2 1 373 743 448 .6 761 460 766 253 7 10 43 . 6  748 1 0  54 1 0  1 02 0 2 2 1 8  1 7  1 2  4 1 
2 1 146 737 542 . 6  761 .520 766 291 9 1 2  50 . 6  743 1 1  65 . 4  8 1 06 . 4  4 7 2 22 22 1 8  1 0  2 
2 1 21 1 737 564 761 ·5 1 5  765 329 1 4  1 3  35 743 1 2  62 1 2  1 68  1 5 2 27 22 1 8  1 0  2 
2 1 256 743 484 .4  761 483 768 236 1 3  1 0  37 . 2  748 1 0  48 . 6  1 0  1 06 . 4 0 4 2 25 22 1 2  4 1 
2 2 389 761 476 783 467 787 3 1 2  5 1 0  38 . 2  766 1 0  5 1  1 0  1 04 . 6  0 2 2 24 23 20 1 4  7 
2 2 321 761 496 783 490 788 3 1 2  1 4  9 22 . 8  766 9 39 9 1 04 0 3 2 24 22 20 1 4  7 
2 2 443 761 348 783 355 787 273 4 1 0  35 . 8  766 9 46 . 8  9 1 1 4 . 6  1 2 2 20 20 20 1 4  7 
2 2 323 761 424 783 386 3 1 5  1 2  1 2  39 . 2  766 1 2  61 . 6  1 2  1 22 . 4  0 3 2 1 9  1 6  20 1 4  7 
2 2 423 765 398 783 365 . 4  787 263 1 2  1 1  36 771 1 1  . 63 1 1  1 2 1  0 3 2 1 6  1 5  1 6  1 2  7 
2 2 328 761 492 783 500 787 3 1 8  1 2  1 0  29 . 6  766 1 0  48 . 6  9 1 1 2 . 4 1 3 2 2 1  2 0  20 1 4  7 
2 2 390 766 400 789 396 81 1 3 1 7  1 1  1 0  28 . 6  771 10 44 . 6  8 1 08 . 8  2 2 2 24 2 1  2 1  1 6  1 2  
2 2 372 766 492 789 499 794 3 1 3  1 3  1 0  25 . 4  771 8 34 . 2  8 1 02 . 4  2 3 2 1 9  19 2 1  1 6  1 2  
2 2 384 766 474 789 . 435 797 262 1 0  1 0  33 n1 10 50 . 2  1 0  1 26 . 8  0 3 2 2 1  2 1  2 1  1 6  1 2  
2 2 330 766 425 789 437 793 327 10 . 1 o  35 . 4  n1 10 48 . 4  9 1 07 . 2  1 3 2 25 24 2 1  1 6  1 2  
2 2 385 768 471 789 486 793 281 1 5  1 2  45 . 4  n6 9 53 . 6  9 98 . 2  3 3 2 1 8  1 8  20 1 6  1 2  
2 2 57 765 531 . 2  789 530 793 349 1 2  1 1  44 169 1 1  53 . 4  9 87. 8  2 9 3 23 22 22 1 7  1 2  
2 3 456 797 33 7.4 818 34 1 823 321 10 1 2  37. 2  806 1 1  65 . 4  1 0  90 . 6  2 1 1 1 7  1 7  6 3 1 
2 3 338 797 403 818 4 1 5  823 333 1 3  1 1  2 7 . 8  806 1 1  67 1 0  1 14 . 8  1 3 2 1 9  1 9  6 3 1 
2 3 73 197 550 818 500 823 285 1 0  1 1  38 . 4  806 1 1  84 . 2  1 1  1 2 1 . 4  0 9 3 2 2  2 1  6 3 1 
2 3 322 797 470 818 458 822 321 1 5  1 2  40 . 8  806 1 2  80 . 6  1 1  1 1 5 . 4 1 4 2 25 23 6 3 1 
2 3 455 793 325 81 3 3 1 0  830 288 1 4  1 2  29 . 6  806 1 0  81 . 4  1 0  1 1 5 2 1 1 1 9  14  1 0  4 1 
2 3 280 788 530 807 547 81 7 351  15  1 2  3 1 . 6  793 7 30 . 6  6 59 . 6  6 4 2 28 26 1 3  5 2 
2 3 337 788 5 1 5  807 81 8 373 1 1  1 1  36 793 9 54 9 1 38 2 3 2 30 23 1 3  5 2 
2 3 48 793 592 807 592 . 6  8 1 6  225 9 1 1  40 .8  806 1 1  n 1 1  79 0 1 0  3 1 9  1 8  9 4 1 
2 3 123 793 500 81 3 508 81 7 308 1 0  1 2  5 2  806 1 0  91  1 0  1 22 . 2  2 8 3 20 1 7  1 0  4 1 
2 3 394 793 457 813 470 81 8 296 1 2  1 2  4 7  806 1 1  88 8 96 . 4  4 2 2 22 23 1 0  4 1 
2 3 236 793 495 813 462 819 303 1 4  1 1  45 806 1 0  94 . 6  1 0  1 3 1 . 2  1 5 2 20 1 7  1 0  4 1 
0 4 245 420 425 440 425 445 274 . 5  9 9 33 . 6  426 9 60 . 4  9 1 27 0 2 2 5 2 0 
0 4 82 420 493 440 502 445 276 1 1  1 0  29 426 10 54 . 8  1 0  1 26 . 2  0 6 2 5 2 0 
0 4 304 420 386 440 345 445 1 72 . 5  1 1  1 1  24 . 4  426 9 45 . 6  9 1 06  2 1 1 5 2 0 
0 4 83 420 . 423 440 400 444 260 1 2  1 1  35 . 4  426 9 5 1 . 6  9 1 09 2 6 2 5 2 0 
0 4 306 422 375 . 440 3 5 1  445 196 1 4  1 3  36 . 6  429 13 63 . 4  1 2  1 1 9 1 1 1 4 2 0 � 
0 4 305 423 330 440 306 474 1 56 1 1  1 1  30 429 1 1  57.4  1 1  1 1 2 . 4 0 1 1 4 2 0 
N 
Ul 
Table  E .  ( cont inued ) 
0 5 143 443 443 467 456 471  254 1 3  1 1  38 . 4  449 1 1  61 . 2  1 1  1 5 1  0 5 2 4 0 0 
0 5 1 60 443 45 1 467 422 471  265 1 3  1 3  32 . 6  449 1 2  5 7  1 2  1 38 1 4 2 4 0 0 
0 5 3 1 3  446 354 467 3 1 3  472 1 n  1 0  31 . 4  457 10 53 1 0  1 22 . 6  0 1 1 4 0 0 
0 5 3 1 4  448 422 467 396 472 2 1 5  8 8 29 . 8  457 8 71 8 1 27 . 8  0 1 1 3 0 0 
0 5 3 1 5  45 1 397 470 387 474 1 83 8 1 0  26 . 2  457 9 40 . 6  8 83 2 1 1 3 0 0 
1 4 242 4 1 5  395 433 371 4 4 1  1 69 1 1  1 0  33 422 1 0  55 . 2  1 0  97. 8  0 2 2 7 1 0 
1 4 244 4 1 5  435 . 5  433 425 437 238 1 3  1 0  35 . 6  422 1 0  64 . 4  1 0  1 1 6 . 8  0 2 2 7 1 0 
1 4 1 62 4 1 5  433 . 5  433 45 1 438 247 12 1 0  35 422 9 56 . 8  9 1 04 . 2  1 4 2 7 1 0 
1 4 2 1 2  4 1 5  475 433 458 439 232 . 5  9 1 0  3 6  422 1 0  68 1 0  1 3 1 . 8  0 2 2 7 1 0 
1 4 243 4 1 5  378 428 370 456 1 50 . 5  7 1 0  38 . 4  422 1 0  70 . 4  1 0  1 02 . 2  0 2 2 6 1 0 
1 4 1 59 4 1 5  446 428 449 . 2  433 1 64 . 5  1 2  1 0  34 . 6  422 1 0  66 1 0  96 . 2  0 4 2 6 1 0 
1 4 303 4 1 8  357 . 5  433 306 439 1 38 . 5  1 1  1 0  46 . 4  424 1 0  n 1 0  1 22 0 1 1 4 0 0 
1 4 1 34 4 1 9  460 433 470 437 1 80 1 3  1 1  40 . 2  425 1 1  67. 2 1 1  1 0 1 . 8  0 5 2 4 0 0 
1 5 1 36 430 371 452 375 4 5 7  273 9 1 1  45 . 2  436 1 1  64 1 0  1 2 1  1 5 2 7 2 0 
, 5 209 430 464 452 464 456 268 . 5  1 5  1 1  30 . 4  436 1 0  44 . 4  1 0  1 09 . 4  1 3 2 7 2 0 
1 5 16 430 553 452 552 457 277 1 2  1 1  35 . 8  436 9 48 . 2  9 1 20 . 6  2 8 3 7 2 0 
1 5 361 430 5 79 452 5 74 458 255 . 5  1 6  1 1  3 1 . 6  436 1 0  48 . 6  9 1 06 2 9 3 7 2 0 
1 5 296 433 380 452 350 457 1 89 1 5  1 4  4 1 . 6  442 1 2  80 1 2  1 20 2 1 1 7 2 0 
1 5 147 435 540 452 . 507 4 5 7  1 76 9 10 37.6 442 1 0  70 . 2  9 82 1 4 2 7 2 0 
1 5 68 436 505 457 ·4 n  462 25 1 1 4  1 1  38 442 1 1  65 . 6  1 1  1 42 . 6 0 1 1  3 7 2 0 
1 5 249 436 479 457 479 462 2 1 4  1 1  ·1 o  29 442 9 35 . 4  9 86 1 2 2 7 2 0 
1 5 n 436 548 457 544 461 255 1 2  1 1  44 442 1 1  70 . 8  1 1  1 30 0 8 3 7 2 0 
1 5 204 436 542 457 400 462 20 1 1 0  1 1  36 . 2  442 1 1  52 . 2  1 1  1 05 . 2  0 2 2 7 2 0 
1 5 25 1 436 396 457 368 462 226 1 0  1 1  27 442 9 52 . 8  9 95 . 6  2 2 2 7 2 0 
1 5 109 436 469 457 491 461 221 1 1  1 1  38 . 2  442 1 1  55 9 89 2 6 2 7 2 0 
2 4 197 424 4 1 0  446 384 450 ·244 . 5  1 1  1 1  432 1 0  65 1 0  1 23 1 3 2 6 2 0 
2 4 86 426 491 446 527 252 1 3  1 0  33 . 6  432 8 36 . 6  6 5 1 . 6  4 6 2 6 2 0 
2 4 89 426 475 446 536 255 9 9 26 . 2  432 7 33 . 8  7 59 2 6 2 6 2 0 
2 4 90 426 546 446 570 4 5 1  254 . 1 0  1 0  3 8  432 1 0  5 1 . 2  1 0  87 0 6 2 6 2 0 
2 4 1 50 426 550 446 571 450 236 1 2  1 0  32 433 8 5 0 . 6  8 1 06  2 3 2 6 2 0 
2 4 247 426 447 446 45 1 45 1 237 . 5  9 10 34 . 6  432 1 0  58 1 0  1 20 0 2 2 6 2 0 
2 4 94 426 490 446 5 1 4  450 252 . 5  1 1  1 0  33 432 1 0  46 . 2  1 0  9 1  0 6 2 6 2 0 
2 4 189 429 455 449 453 454 261 1 5  1 5  4 1 . 5  436 1 1  58 1 1  1 28 4 3 2 6 2 0 
2 4 14 430 496 449 526 453 248 1 0  1 1  35 . 6  437 1 0  45 . 6  1 0  96 1 8 3 5 2 0 
2 5 1 74 45 1 479 470 . 470 574 221 1 5  1 0  35 . 6  457 1 0  58 . 6  1 0  1 09  0 4 2 3 0 0 
2 5 140 45 1 467 470 472 474 2 1 8  1 5  1 0  3 2  4 5 7  1 0  54 . 6  1 0  1 1 0 . 8  0 5 2 3 0 0 
2 5 166 45 1 489 470 478 4 76 2 1 8  1 2  1 0  35 . 4  457 1 0  58 1 0  1 04 0 4 2 3 0 0 
2 5 316 45 1 35o 470 349 476 1 89 1 1  1 0  3 1 . 4  457 1 0  5 7 . 6  1 0  1 0 1 . 6  0 1 1 3 0 0 � 
2 5 318 453 360 470 349 4 76 1 63 1 2  1 2  42 1 2  1 09 . 2  0 1 1 1 0 0 
N 
0'\ 
APPEND I X  F :  De f i n i t i on o f  var i abl e s  
Tab l e  F .  D e f i n i t i on o f  var i ab l e s  
BFL = s ow back fat l o s s , mm/day 
Cp = s pe c i f i c  h e a t , k J / ( kg * K ) 
D r i p  = d r i p  c o o l  
1 2 8 
Mac = ma s s  f l ow of a i r c o nd i t i on i ng a i r ,  kg d r y  
a i r / h  
M e x  = m a s s f l ow o f  exhaus t a i r ,  k g  d r y  a i r / h  
M i n  = ma s s  f l ow o f  i n l e t  a i r , k g  d r y  a i r / h  
Mw = ma s s  f l ow of wa t e r  f ro m  d r i p  s y s tem , 
k g  wa t e r / h  
PGD 7 = n umb e r  o f  p i g l e t s  on day s even 
PGW = p i g l e t  we i gh t  ga i n  to wean , k g / p i g l e t /d a y  
P G 7  = p i g l e t  we i gh t  ga i n  t o  day s ev e n , 
k g / p i g l e t /day 
PR = p i g l e t r emova l f rom c ra t e s  
PW = numb e r  of pi g l e t s  on wean day 
qac = h e a t  added by a i r  c on d i t i on i ng s y s t em , W 
qan = h e at added by an i ma l s ,  W 
qdr i p  = h ea t  added by dr i p  s y s t em , W 
qe x = h e a t  i n  exhaus t a i r ,  W 
q i n  = h e a t  added b y  i n l e t  a i r ,  W 
qm i s c = h ea t  added / l o s t  due t o  bu i l d i n g c onduc t i on , 
p i t ,  e tc . , W 
qsup = heat added by l i gh t s  and h e a t  l amps , W 
RR = s ow re s p i rat i on rate , b r e a t h s / m i n  
RTE = t i me for s ow to re turn to e s t ru s  a f t e r  
w e an i n g , da y s  
Tab l e  F .  ( c o n t i nued ) 
S C  = s n o u t  c o o l  
S WL = s ow we i gh t  l o s s  dur i ng l ac ta t i on , k g / da y  
S FC = s ow f e ed c o n s umpt i on ,  kg / d a y  
Tdb = d r y  bu l b  temperatu r e , C 
TGE = t ra n s m i s s i b l e  g a s t r o - en t e r i t i s  
TH I = t empe r a t u r e - hum i d i t y  i ndex ( 0 . 7 5 * Tdb + 
0 . 2 5 * Twb ) , C 
T r e f = r e fe r enc e t empe ratur e , K 
Twa t e r = t empe r a t u r e  o f  d r i p  wa t e r , K 
Twb = w e t  bu l b  t empe rature , C 
1 2 9 
Wac = mo i s ture added by a i r  c ondi t i on i n g  s ys t em , 
kg / h  
Wan = m o i s tu r e  added by an imal s ,  k g / h  
Wdr i p = m o i s tu r e  added b y  dr i p  s y s t em , · k g / h  
Wex = mo i s t u r e  in exhau s t  a i r , k g / h  
W i n  = mo i s tu r e  added b y  i n l e t  a i r , k g / h  
Wm i s c = mo i s tu r e  added / l o s t  due t o  p i t ,  e tc . , 
k g / h  
